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(57) Abstract: A process and system for processing a thin 
film sample are provided. In particular, a beam generator can 
be controlled to emit at least one beam pulse. The beam pulse 
is then masked to produce at least one masked beam pulse, 
which is used to irradiate at least one portion of the thin film 
sample. With the at least one masked beam pulse, the por- 
tion of the film sample is irradiated with sufficient intensity 
for such portion to later crystallize. This portion of the film 
sample is allowed to crystallize so as to be composed of a first 
area and a second area, Upon the crystallization thereof, the 
first area includes a first set of grains, and the second area 
includes a second set of grains whose at least one character- 
istic is different from at least one characteristic of the second 
set of grains. The first area surrounds the second area, and is 
configured to allow an active region of a thin-film transistor 
(TFT) to be provided at a distance therefrom. 
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PROCESS AND SYSTEM FOR LASER CRYSTALLIZAriON PROCESSING 
OF FILM REGIONS ON A SUBSTRATE TO MINIMIZE EDGE AREAS, AND 
STRUCTURE OF SUCH FILM REGIONS 

SPECIFICATION 



RELATED APPLICATION 

This application claims priority to United States Provisional 
Application No. 60/405,085, which was filed on August 19, 20O2, and is incorporated 
by reference. 

NOTICE OF GOVERNMENT RIGHTS 

The U.S. Government may have certain rights in this invention 
pursuant to the terms of the Defense Advanced Research Project Agency award 
number N6 600 1 -98- 1 -89 13 . 

FIELD OF THTT. TNWNTION 

The present invention relates to techniques for processing of thin films, 
and more p articularly to techniques for processing semiconductor thin films to reduce 
non-uniform edge areas of the crystallized regions of the thin film so that at least an 
active region of an electronic devices, such as a thin-film transistor ("TFT"), can be 
placed away from such non-uniform edge areas. 

BACKGRO UND OFTFTF, INVEINTION 

Semiconductor films, such as silicon films, are lenown to be used for 
providing pixels for liquid crystal display devices and organic light emitting diode 
displays. Such films have previously been processed (i.e., irradiated by an excimer 
laser and then crystallized) via excimer laser annealing ("ELA") methods. However, 
the semiconductor films processed -using such known ELA mettaods often suffer from 
microstructural non-uniformities sach as edge effects, which manifest themselves in 
availing a non-uniform performance of thin-film transistor ("TFT") devices fabricated 
on such films. 
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Such non-uniformity in edge regions is particularly problematic in that 
the visual transitions between the neighboring pixels corresponding to tb.e irradiated 
and crystallized areas of the semiconductor thin film on the liquid crystal displays 
("LCDs") or organic light emitting diode displays are not as smooth as could be 
5 desired, and may even be visible in certain cases, which is undesired. This is also 
because the edge effects promote a low performance in TFT devices whose active 
regions are provided thereon. 

Significant efforts have been made into the refinement or 
"conventional" ELA (also known as line-beam ELA) processes in the attempt to 

1 0 reduce or eliminate non-uniformities on the crystallized areas of the semiconductor 
thin film. For example, U.S. Patent No. 5,766,989 issued to Maegawa et al., the entire 
disclosure of which is incorporated herein in its entirety by reference, d&scribes the 
ELA methods for forming polycrystalline thin film and a method for fabricating a 
thin-film transistor. This publication attempts to address the problem or non- 

1 5 uniformity of characteristics across the substrate, and provide certain options for 
apparently suppressing such non-uniformities. However, details of previous 
approaches make it impossible to completely eliminate the non-uniformities that are 
introduced from the edge areas (which are typically between 100pm to L ,000um or 
higher). Thus, the cross sectional area of the portions of the semiconductor thin film 

20 on which the TFT devices could be placed would be significantly reduced due to such 
disadvantageous edge effects causing large non-uniform edge areas which border 
these portions. 

For example, one such conventional ELA process uses a long and 
narrow shaped beam 800 as shown in Figs. 1 1 A and 1 IB. The fluence of this beam 

25 800 is above a melting level in a center portion 8 1 0 thereof, while side axeas 820 of 
this beam 800 have a fluence that is gradually reduced at the edges thereof. The width 
of the center portion 8 1 0 of the beam 800 may "be 1cm and the length thereof may be 
30cm. In this manner, the beam can potentially irradiate the entire semiconductor thin 
film during one pass across it. As shown in Fig. 1 IB, portions 830 of the side areas 

30 820 of the beam 800 can be provided between the melting level and the crystallization 
threshold. Thus, when the beam 800 irradiates particular portions of the 
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semiconductor thin film which is then crystallized, such portions would likely have ar 
edge regions in thus irradiated and crystallized areas of the semiconductor thin film 
that are likely to have large non-uniform edge regions spatially corresponding to the 
portions 830 of the beam 800. The edge regions are known to be disadvantageous for 
placing the TFT devices (and especially their active regions) thereon. 

Attempts have been made to eliminate the edge effect (i.e., non- 
uniformity of the edge areas) of the irradiated and crystallized portions of the 
semiconductor film. U.S. Patent No. 5,591,6<58 issued to Maegawa et al. tries to 
minimize these edge areas by using a substantially square shaped beams (rotated 45' 
and having rounded peaks) that sequentially overlap one another using a. laser 
annealing method. However, such conventional procedure would require multiple 
irradiation by the beam pulses of the same areas, and the processing of flhe 
semiconductor film would be somewhat slow. 

Accordingly, it is preferable to irradiate and crystallize at least some of 
me areas of the semiconductor films by passLng the beam pulses through, a mask in a 
way so as to eliminate the problem caused by such edge effect by clearly defining the 
profile of the beam pulse. It is preferable to significantly reduce the spatial scale 
associated with the edge region so as to make it possible to have such regions be 
provided away ftom. the active regions of the TFT devices. In addition, multiple 
irradiations of the same area on the semiconductor film would therefore mo longer be 
necessary. 

SUMMARY OF THE INVENTION 

Therefore, one of the objects of the present invention is to provide an 
improved process and system which can make the edge regions of the ca^^taUized 
areas of the semiconductor thin film relatively small (e.g., one such region can be 
smaller than the distance between the adjacent TFT devices). Thus, it is possible to 
place the active regions of the TFT devices om the semiconductor thin fiLm away from 
these edge regions. Another object of the present invention is to increase the speed to 
process the semiconductor films for their use with the liquid crystal displays and/or 
organic light emitting diode displays. Still another object of the present i s to have a 
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capability for utilizing various fluences of the beam pulse for irradi ating the areas of 
the semiconductor thin film, so long as such fiuence induces a crystallization of the 
irradiated areas of the semiconductor thin film . 

In accordance with at least some of these objectives as well as others 
that will become apparent with reference to the following specification, it has now 
been determined, that the reduction the size of the edge regions of tfate irradiated and 
crystallized areas of the semiconductor thin film is advantageous to» reduce the edge 
effect It was also ascertained that the grains provided in the edge regions of such 
areas are different from the grains of the areas that are arrangement, e.g., between two 
oppositely-spaced edge regions of the semiconductor thin film. Further, it was 
determined that the use of the two-dimensional mask to pass the beam pulse there 
through configured the profile of the resultant masked beam pulse to be well defined, 
• thus decreasing or eliminating the portion of the beam pulse which may have a 
gradually-reducing fiuence level that may cause the undesired edge effect. 

In one exemplary embodiment of the present invention, a process and 
system for processing a semiconductor thin film sample are provided. In particular, a 
beam generator can be controlled to emit at least one beam pulse. Tie beam pulse is 
then masked to produce at least one masked beam pulse, which is used to irradiate at 
least one portion of the semiconductor thin film sample. With the at least one masked 
beam pulse, the portion of the film sample is irradiated with sufficient intensity for 
such portion to later crystallize. This portion of the film sample is allowed to 
crystallize so as to be composed of a first area and a second area. Upon the 
crystallization thereof, the first area includes a first set of grains, and the second area 
includes a second set of grains whose at least one characteristic is different from at 
least one characteristic of the second set of grains. The first area surrounds the second 
area, and is configured to allow an active region of a thin-film transistor ("TFT") to be 
provided at a distance therefrom. 

In another embodiment of the present invention, the masked beam 
pulse can have the intensity sufficient to completely melt the irradia-ted portion of the 
semiconductor thin film sample throughout its thickness (or partially melt such 



WO 2004/017381 




^CT/US2003/025954 



5 



portion). The active region of the TFT can be situated within the second area. The 
second area may correspond to at least one pixel. The second area has a cross-section 
for facilitating thereon all portions of the TFT. A size and a position of the first area 
with respect to the second area are provided such that the first aarea provides either no 
5 effect or a negligible effect on a performance of the TFT, 



location of the first area can be determined so as to avoid a placement of the active 
region of the TFT thereon. The beam pulse may include a plurality of beamlets, and 
the first and second areas can be irradiated by the beamlets. The semiconductor thin 
1 0 film sample may be a silicon the film sample. The semiconductor thin can be 
composed of at least one of silicon and germanium, and may have a thickness 
approximately between 100 A and 10»000A. The first set of grains provided in the first 
area may be laterally-grown grains. 



1 5 semiconductor thin film sample includes at least one section irradiated by at least one 
masked beam pulse which is configured to irradiate the at least one section of the 
sample for a later crystallization thereof The irradiated portion of the film sample is 
crystallized to include a first area and a second area. Upon the crystallization thereof, 
the first area includes a first set of grains, and the second area includes a second set of 

20 grains whose at least one characteristic is different from at least one characteristic of 
the second set of grains. The first area surrounds the second area, and is configured to 
allow an active region of a thin-film transistor ("TFT") to be provided at a distance 



The accompanying drawings, which are incorporated and constitute 
part of this disclosure, illustrate a preferred embodiment of the invention and serve to 
explain the principles of the invention. 



According to still another embodiment of the present invention, a 



According yet another embodiment of the present invention, a 



therefrom. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1A is a schematic block diagram of an exemplary embodiment of 
an irradiation system according to the present invention wbich irradiates particular 
areas of a semiconductor thin film of a sample such that these areas have a relatively 
small edge regions; 

Fig. IB is an enlarged cross-sectional side view of the sample whicfci 
includes the semiconductor thin film; 

Fig. 2 is a top exploded view of an exemplary embodiment of the 
sample conceptually subdivided, and having a semiconductor thin film thereon on 
which a process according to the present invention is performed for the entire surfa.ce 
area a semiconductor thin film using the exemplary system, of Fig. 1A; 

Fig. 3 is a top view of a first exemplary embodiment of a mask 
according to the present invention which has a beam-blocking area surrounding one 
open or transparent area, and which can be used with the exemplary system of Fig. 1 A 
to mask: the beam pulses generated by a laser beam source into a patterned beam 
pulse, such that such masked beam pulses irradiate the particular areas on the 
semiconductor film thereby reducing the edge regions provided at the peripheries o»f 
such areas; 

Figs. 4A-4D are irradiations, by the radiation beam pulse wbich is 
masked by the mask of Fig. 3, and then re-soHdifications and crystallizations of the 
particular portions of the semiconductor film provided on the sample for an first 
exemplary conceptual column of* the sample at various sequential stages of the 
exemplary embodiment according to the process of the present invention in which the 
edge regions of the particular portions are significantly reduced; 

Figs. 4E-4F are irradiations, by the radiation beam pulse which is 
masked by the mask of Fig. 3, and then re-soUdifications and crystallizations of the 
particular portions of the semiconductor film provided on the sample for an second- 
exemplary conceptual column of the sample at two exemplary sequential stages of -the 
processing according to the process of the present invention, which continue from the 
first conceptual column of Figs. 4A-4D; 
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Fig. 5 A is a top view of a second exemplary embodiment of the mask 
according to the present invention which has a beam-blocking area surrounding 
multiple small open or transparent areas or slits, and which can be used with the 
exemplary system of Fig. 1 A to mask the beam pulses generated by a beam source 
into patterned beamlets, such that such masked beamlet pulses irradiate the particular 
areas on the semiconductor film whose edge regions are significantly reduced; 

Fig. 5B is an enlarged view of the beamlets of the second embodiment 
of the mask illustrated in Fig. 5 A; 

Figs. 6A-6D are irradiations, by the radiation beam pulse intensity 
pattern which is masked by the mask of Fig. 5, and then re-solidifications and 
crystallizations of the particular portions of the semiconductor film provided on "the 
sample for the first conceptual column of the sample at various sequential stages of 
the first exemplary embodiment of the exemplary embodiment according to the 
process of the present invention; 

Fig 7 is an illustration of the senricondUictor thin film provided oo the 
sample, and such thin film being irradiated by the beam pulse having a cross-section 
that is patterned by a mask having a beam-blocking area surrounding one long and 
narro-w open or transparent area, and which can be used with the exemplary system of 
Fig. LA; 

Fig. 8A is an illustration of the two particular areas irradiated, re- 
solidified and crystallized areas corresponding to the areas of Figs. 4D and 6D in. 
whicfa the edge regions of each of these areas are provided away from the entire TFT 
device; 

Fig. 8B is an illustration of the two particular areas irradiated, re- 
solidified and crystallized areas corresponding to the areas of Figs. 4D and 6D in. 
whicb the edge regions of these two areas are provided away from the entire cross- 
section of the active region of the TFT device, while other regions are provided on 
such edge regions; 

Fig. 9 is a flow diagram representing an exemplary processing 
procedure of the present invention under at least partial control of a computing 
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arrangement of Fig. 1A using the exemplary techniques of the present invention of 
Figs. 4A-4F and 6A-6D; 

Fig. 10 is a flow diagram representing another exemplary processing 
procedure of the present invention under at least partial control of a computing 
arrangement of Fig. 1A using the exemplary techniques of the present invention of 
Figs. 4A-4F and 6A-6D, and in which the beam source of Fig. 1 A is triggered based 
on the positions of the semiconductor film with respect to the impingement of the 
beam; 

Fig. 1 1A is a perspective cut-away view of a profile of a long and 
narrow beam which is shaped by a projection irradiation using conventional systems 
and processes; 

Fig. 1 IB is a graph of the fluence of the beam of Fig. 1 1A against the 
spatial profile of the beam generated by the conventional systems and processes; and 

Fig. 12 is a exemplary graph of the fluence of the beam against the 
spatial profile of the beam generated by the system and process according to the 
present invention which reduces the edge regions of the particular portions of the 
semiconductor thin film irradiated by such beam. 

E»ETATT,F,D DESCRIPTION 

It should b>e understood that varioxis systems according to the present 
invention can be utilized to mask, irradiate and crystallize one or more portions on the 
semiconductor (e.g., silicon) film so as to reduce edge areas of these portions and to 
place at least an active region of a thin-film transistor ("TFT") away from the edge 
regions of such portions. The exemplary embodiments of the systems and process to 
achieve such areas as well as of the resulting crystallized semiconductor tlii-n films 
snail be described in farther detail below. Howe-ver, it should be understood that the 
present invention is in no way limited to the exemplary embodiments of the* systems 
processes and semiconductor thin films described herein. 

In particular, Fig. 1 A shows a system according to the present 
invention which is used on a sample 170 which bias an amorphous silicon fain film 
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thereof that is being irradiated by masked irradiation beam pulses to promote the 
masked irradiation, solidification and crystallization of the particular areas of the 
semiconductor thin film in which the edge regions are minimized. The exemplary 
system includesabeam source 110 (e.g., aIlambdaPhysikmodelLPX:-315IXeCl 
5 pulsed excimer laser) emitting an irradiation beam (e.g., a laser beam), a controllable 
beam energy density modulator 120 for modifying the energy density odfthe laser 
beam, a MicroLas two plate variable attenuator 130, beam steering mirrors 140, 143, 
147, 160 and 162, beam expanding and collimating lenses 141 and 142, a beam 
homogenizer 144, a condenser lens 145, a field lens 148, a projection m.ask 150 which 
1 0 may be mounted in a translating stage (not shown), a 4x-6* eye piece L 61, a 

controllable shutter 1 52, a multi-element objective lens 163 for focusing a radiation 
beam pulse 1 64 onto, the sample 1 70 having the semiconductor thin fihri to be 
processed mounted on a sample translation stage 180, a granite block optical bench 
190 supported on a vibration isolation and self-leveling system 191, 192, 193 and 194, 
and a computing arrangement 100 (e.g., a general purpose computer executing a 
program according to the present invention o:r a special-purpose computer) coupled to 
control the beam source 1 10, the beam energy density modulator 120, thus variable 
attenuator 130, the shutter 152 and the sample translation stage 180. 

The sample translation stage 1 80 is preferably controlled by the 
computing arrangement 100 to effectuate translations of the sample 170 in the planar 
X-Y directions, as well as in the Z direction. In this manner, the computing 
arrangement 1 00 controls the relative position of the sample 40 with respect to the 
irradiation beam pulse 164. The repetition and the energy density of the. irradiation 
beam pulse 164 are also controlled by the computer 100. It should be understood by 
those skilled in the art that instead of the beam source 1 10 (e.g., the pulsed excimer 
laser), the irradiation beam pulse can be generated by another known source of short 
energy pulses suitable for completely melting? throughout their entire thickness 
selected areas of the semiconductor (e.g., silicon) thin film of the sample 170 in the 
manner described herein below. Such known, source can be a pulsed solid state laser, 
30 a chopped continuous- Avave laser, a pulsed electron beam and a pulsed ion beam, etc. 
Typically, the radiation beam pulses generated by the beam source 1 10 provide a 
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beam intensity in the range of 10 mJ/cm 2 to 1 J/cm 2 (e.g., 500mJ/cm 2 ) a pulse duration 
(FWHM) in the range of 10 to 103 nsec, and a pulse repetition rate in the range of 10 
Hz to 104 Hz. 

While the computing arrangement 100, in the exemplary embodiment 
5 of the system shown in Fig. 1 A, controls "translations of the sample 170 via the sample 
stage 180 for carrying out the processing of the semiconductor thin film of the sample 
1 70 according to the present invention, tlxe computing arrangement 1 00 may also be 
adapted to control the translations of the mask 1 50 and/or the beam, source 110 
mounted in an appropriate mask/laser beam translation stage (not sliown for the 

1 0 simplicity of the depiction) to shift the intensity pattern of the irradiation beam pulses 
164, with respect to the semiconductor thin film of the sample 170, along a controlled 
beam path. Another possible way to shift the intensity pattern of ttie irradiation beam 
pulse is to have the computer 100 control a beam steering mirror. The exemplary 
system of Fig. 1 may be used to carry out the processing of the silicon thin film of the 

15 sample 170 in the manner described belo^w in further detail. It should also be 

understood that it is possible to exclude tiie mask 150 from the system according to 
the present invention. Without such mask 1 50, the beam source 1 1 0, the energy 
density modulator, the beam attenuator and/or other components of the system of the 
present invention can be used to shape the beam 149 so as to impiixge and irradiate 

20 selected portions of the semiconductor thin film of the sample 170. 

As illustrated in Fig. IB, the semiconductor thin film 175 of the sample 
170 can be directly situated on e.g., a glass substrate 172, and may "be provided on one 
or more intermediate layers 177 there between. The semiconductor thin film 175 can 
have a thickness between 100A and 10,0O0A (1pm) so long as at least certain 

25 necessary areas thereof can be completely melted throughout their entire thickness. 
According to an exemplary embodiment of the present invention, tiie semiconductor 
thin film 175 can be composed of silicon,, germanium, silicon genaanium (SeGe) all 
of which preferably having low levels of impurities. It is also possible to utilize other 
elements or semiconductor materials for -the semiconductor thin fibro 175. The 

30 intermediary layer 177, which is situated immediately underneath the semiconductor 
thin film 175, can be composed of silicon oxide (Si0 2 ), silicon nitride (Si 3 N 4 ), and/or 
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mixtures of oxide, nitride or other materials that are suitable for promoting nucleation 
and small grain growth within the designated areas of the semiconductor thin film 175 
of the sample 170. The temperature of the glass substrate 172 can be between room 
temperature and 800°C. Higher temperatures of the glass substrate 172 can be 
5 accomplished by preheating the substrate 172 which would effectively allow larger 
grains to be grown in the nucleated, re-solidified, and then crystallized areas of the 
semiconductor thin film 175 of the sample 170 due to the proximity of the glass 
substrate 1 72 to the thin film 1 75. 

Fig. 2 shows an enlarged view of an exemplary embodiment of the 
10 semiconductor thin film 175 (e.g., an amorphous silicon thin film) of the sample 170, 
and the relative translation paths of the beam pulse 1 64 with respect to the locations 
on the sample 170. This exemplary sample 170 has exemplary dimensions of 40 cm 
in the Y direction by 30 cm in the X direction. The sample 170 can be conceptually 
subdivided into a number of columns <e.g., a first conceptual column 205, a second 
15 conceptual column 206, a third conceptual column 207, etc.). Tne location/size of 
each conceptual column may be stored in a storage device of the computing 
arrangement 1 00, and utilized by the computing 1 00 for later controlling the 
translation of the sample 170, and/or firing of the beam in by the beam source 1 10 at 
such relative locations of the semiconductor thin film 175, or on other locations that 
20 are based on the stored locations. Eaah of the conceptual columns 205, 206, 207, etc. 
is dimensioned, e.g., V 2 cm in the Y direction by 30 cm in the X direction. Thus^ if the 
sample 170 is sized 40 cm in the Y direction, the sample 1 50 may be conceptually 
subdivided into eighty (80) columns. The sample 170 may also be conceptually 
subdivided into such columns having other dimensions (e.g., 1 cm by 30 cm columns, 
2 cm by 30 cm columns, 2 cm by 30 cm columns, etc.). In fact, there is absolutely no 
restrictions on the dimensions of the conceptual columns of the sample 170 so long as 
the masked beam pulse 164 is capable of irradiating certain areas of the 
semiconductor thin film 175 in such columns to promote crystallization within such 



25 



areas. 



30 



In particular, according to the present invention, it is important to 
provide relatively small edges region at the peripheries of these areas of the film 
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sample 175 so as to allow at least the active region of the TFT device to be placed 
away from these very small edge regions. The small size of the edge regions is 
primarily due to the use of the mask 1 5 0 to generate a sharp pro- file of the beam 1 1 1 
as the masked beam pulse 164 The location/dimension of each conceptual column, 
and the locations thereof, are stored in tie storage device of the computing 
arrangement 100, and utilized by such computing arrangement 100 for controlling the 
translation of the translation stage 180 with respect to the beam pulse 164 and/or the 
firing of the beam 1 1 1 by the beam source 1 10 at those location.s of the semiconductor 
thin film sample, or on other locations. 

For example, the semiconductor thin film 175 cam be irradiated by the 
beam pulse 1 64 whose profile is defined using the mask 150 according to a first 
exemplary embodiment of the present invention as shown in Fig. 3. The first 
exemplary mask 150 is sized such that its cross-sectional area is larger than that of the 
cross-sectional area of the masked beam pulse 164. In this maimer, the mask 150 can 
pattern the pulsed beam to have a shape and profile directed by the open or 
transparent regions of the mask 1 50. This can be commonly referred to as a "two- 
dimensional projection", which generally the shape of the beam, and reduces such 
shape in all directions. Such projection is significantly different from a single axis 
projection which does not utilize a mask, and merely shapes and reduces the beam in 
one direction. Fig. 12 show a preferable profile 850 of the masked beam pulse 164 as 
the pulse 149 is passed through the mask 150. This profile 850 is well defined so as to ' 
nunimize the edge regions provided at the peripheries of the irradiated portions of the 
semiconductor thin film 175. 

In this exemplary embodiment shown in Fig. 3, Che mask 150 includes 
a beam-blocking section 155 and an open or transparent section 157. The beam- 
blocking section 155 prevents those areas of the pulsed beam impinging such section 
155 from being irradiated there-through, thus preventing the further entering the 
optics of the exemplary system of the present invention shown im Fig. 1 A to irradiate 
the corresponding areas of the semiconciuctor thin film 175 provided oh the sample 
170. In contrast, the open or transparent section 157 allows the portion of the beam 
pulse 164 whose cross-section corresponds to that of the section. 157 to enter the 
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optics of the system according to the present invention, and irradiate the 
corresponding areas of the semiconductor thin film 175. In this manner, the mask 150 
is capable of patterning the beam pulse 164 so as to impinge the semiconductor thin 
film 175 of the sample 170 at predetermined portions thereof as shall be described in 
further detail below. 

According to the present invention, the masked beam pulse 164 can 
have various energy fluences. For example, such fluence of the masked beam pulse 
164 can small, but which promotes an explosive crystallization. The fluence of the 
beam pulse 164 can be higher than the small fluence to promote partial melting of the 
irradiated portions of the semiconductor thin film 175, and then crystallization of such 
portions. In addition, the fluence can be higher than the fluence promoting partial 
melting so as to allow a near-complete melting: of the portions of the semiconductor 
thin film 175. Furthermore, the fluence of the masked beam pulse 164 can be high 
enough to completely melt the above-described irradiated portions of tie thin film 
175. In summary, the fluence should be large emough to allow the portions of the 
semiconductor thin film 175 to crystallize after being irradiated by the masked beam 
pulse 164. 

A first exemplary embodiment of the process according: to the present 
invention shall now be described with reference to the irradiation of the 
senuconductorthin film 175 ofthe sample 170 as illustrated in Figs. 4 A-4F. In this 
exemplary process of the present invention, the beam pulse 149 is shaped by the 
exemplary mask 150 of Fig. 3, and the exemplary irradiation and/or impingement of 
the semiconductor thin film 175 ofthe sample 170 is shown in Fig. 2. For example, 
the sample 170 may be translated with respect to the beam pulse 164, either by 
moving the mask 150 or the sample translation stage 180, in order to irradiate 
selective areas of the semiconductor thin film 1 75 ofthe sample 170. For the 
purposes of the foregoing, the length and width ofthe laser beam 149 may be greater 
than 1 cm in the X-direction by 54 cm in the Y-direction (e.g., a rectangular shape) so 
that it can be shaped by the mask 150 of Fig, 3. However, it should be understood the 
pulsed laser beam 149 is not limited to such shape and size. Indeed, other shapes 
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and/or sizes of the laser beam 149 are, of course, achievable as is Icnown to those 
having ordinary skill in the art (e.g., shapes of a square, triangle, circle, etc.). 

After the sample 170 is conceptually subdivided into columns 205, 
206, 207, etc., a pulsed laser beam 1 1 1 is activated (by actuating the beam source 110 
5 using the computing device 1 00 or by opening the shutter 1 30), and produces the 
pulsed laser beamlets 164 which impinges on a first location 220 which is away from 
the semiconductor thin film 175. Then, the sample 170 is translated and accelerated 
in the forward X direction under the control of the computing arrangement 100 to 
reach a predeterrnined velocity with respect to the fixed position b» eamlets in a first 
10 beam path 225. 

In one exemplary variation of the process of the present invention, the 
pulsed beamlets 164 can reach a first edge 210' of the sample 170 preferably when the 
velocity of the movement of the sample 170 with respect to the pulsed laser beam 149 
reaches the predetermined velocity. Then, the sample 170 is contimuously (i.e., 
1 5 without stopping) translated in the -X direction at the predetermined velocity so that 
the pulsed beamlets 164 continue irradiating successive portions of the sample 170 for 
an entire length of a second beam path 230. 

After passing the first edge 21 0', the beam pulse 164 impinges and 
irradiates a first area 3 10 of the semiconductor thin film 175, preferably with enough 

20 intensity to irradiate such area so that the crystallization thereof is then promoted, as 
illustrated in Fig. 4A The fluence of the masked beam pulse 164 should preferably be 
large enough to promote crystallization of the irradiated portions of the semiconductor 
thin film 175. Then, as shown in Fig. 4B, this first area 310 is allowed to crystallize, 
thereby forming two regions therein- a first center region 315 and a first rninimized 

25 edge region 3 1 8. The first center region 3 15 is formed after the irradiation of the first 
area 3 10 by the masked beam pulse 164. The dimensions of this c enter region 315 are 
slightly smaller that the dimensions of the masked beam pulse 164 irradiating the first 
area 310, with the first center region 315 being surrounded by the first edge region 
318 (the details of which are described herein below). Again, the size of the first edge 

30 region 318 is minimized due to the masking of the beam pulse 149 to become the 
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masked beam pulse 164 which preferably has the profile 850 illustrated in Fig. 12. It 
should be note that the characteristics of the grains (e.g., length, orientation, etc.) of 
the first center area 315 and the characteristics of the first edge area 318 are different; 
such differences is one of the main reasons for the reduction of the edge regions. 

The first edge region 3 18 can formed by laterally growing the grains 
from the borders between the unirradiated portions of the seimiconductor thin film 175 
and the first irradiated area 3 10. This is the case when the masked beam pulse 164 has 
the fluence to completely melt the first area 3 10. The grains in the first center region 
318 grown from these borders toward the center of the first melted area for a 
predetermined small distance, to reach the first center region. 315, and form a border 
there between. Of course, it should be understood that if the masked beam pulse 164 
does not have enough intensity to completely melt the first a^ea, grains are formed in 
the first edge region in any event Generally, the grains of the first center region 315 
are larger than those in the first edge region 318. This is preferably because the 
intensity of the masked beam pulse 1 64 is greater in the center thereof than at me 
edges. The predetermined distance is small because the beam pulse 149 is irradiated 
through the mask 149 to form the masked beam pulse 164 wlhich does not have large 
gradually decreasing edge portions (e.g., portions 820 of the conventional beam pulse 
800 as shown in Figs. 1 1 A and 1 IB), and in fact preferable rxas the intensity pattern 
850 illustrated in Fig. 12. For example, the predetermined distance can be 1 urn, while 
the width of the first center region may be slightly less than 1 cm.. Therefore, the first 
edge region 3 18 is significantly smaller that the first center region 315 which it 
surrounds. For the purposes of the present invention, it is un_desirable to position the 
active regions of the TFT devices on such edge regions, so that the active regions (and 
possibly the entire TFT devices) are placed away from these edge regions. 

Thereafter, as shown in Fig. 4C, the sample 170 is continued to be 
translated (or the mask 150 is configured to be adjusted) sucfci that the beam pulse 164 
irradiates a second area 320 of the semiconductor thin film 175 in the manner 
discussed herein above for the first area 310. This second area 320 which can be a 
subsequent area immediately following the first area 320 in Che first conceptual 
column 205 along the +X direction. 
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Similarly to the first area 3 10, the second area 320 crystallizes into a 
second center region 325 and a second edge region 328, winch correspond to the 
characteristics and dimensions of the first center region 31 5 and the first edge region 
3 1 8, respectively. If, during the irradiation of the second area 320 (and in an 
exemplary case of complete melting thereof), the masked beam pulse 164 slightly 
overlaps the first edge region 318, then upon crystallization the grains in this region 
3 1 8 seed and laterally grow a portion of the completed melted second area 320 wbrich 
is immediately adjacent to the first edge region 3 1 8. In this manner, the adjacent 
section of the second edge region 328 is seeded by the first laterally-grown region 318 
to laterally grow grains therefrom. Nevertheless, the secon_d edge region 328 is still 
very small (e.g., lum) as compared to the second center area 325. The resultant 
crystallized second area 320 is illustrated in Fig. 4D. It is also within the scope oFthe 
present invention for the second area 320 to be provided at a distance from the 
crystallized first area 310. In this manner and in case of th_e complete melting of tihe 
second area 320, the sections of trxe second edge region 32 8 which is situated closest 
to the crystallized first laterally-grown region 3 18 can be s eeded by the grains from an 
un-inadiated section between the first area 310 and the second area. 

The first edge area 318 and/or the second edge area 328 are prefera"bly 
sized such, that the cross-sectional area thereof is smaller ttaat the distance between, the 
TFT device (especially the active regions thereof) which is situated in the first center 
region 3 1 5 and the TFT device situated in the second center region 325. 

The translation and irradiation of the first conceptual column 205 o-f 
the semiconductor thin film 175 continues until all areas 310, 320, 380, 390 (arid 
their respective center regions 315 , 325, 385, 395 and e<ige regions 318, 328, .L, 
388, 398) in this first conceptual column 205 is continued until the pulsed beamlets 
164 reach a second edge 210" of tbe sample 170, as illustrated in Fig. 4E. The ' 
crystallization of the areas 310, 320, 380, 390 along the first conceptual column 
205 is performed in a substantially repetitive manner. When the beam pulse 164 
passes the second edge 210", the translation of the sample 170 may be stowed wito 
respect to the masked beam pulse 164 (in a third beam pato 235) to reach a second 
location 240 (see Fig. 2). It should be noted that it is not necessary to shut down ttie 
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pulsed beam 111 after the masked beam pulse 164 has crossed the second edge 210" 
of the sample 170 because it is no longer irradiating ttie sample 170. 

While being away from the sample 170 and the second edge 210", the 
sample is translated in a -Y direction to a third location 247 via a fourth beam, path 
5 245 so as to be able to irradiate the sections of the semiconductor thin film 17 5 along 
the second conceptual column 206. Then, the sample 170 is allowed to settle at that 
location 247 to allow any vibrations of the sample 170 that may have occurred when 
the sample 170 was translated to the third location 247 to cease. Indeed, for tlie 
sample 170 to reach the second conceptual column 206, it is translated approximately 
10 Vi cm for the columns having a width (in the -Y direction) of l A cm. The sample 170 
is then accelerated to the predetermined velocity via a fourth beam path 250 in the -X 
direction so that the impingement of the semiconductor thin film 175 by the b earn 
pulse 164 reaches, and then bypasses the second edge 210". 

Thereafter, ttie sample 170 is translated, along a fifth beam patta 255, 

15 and the exemplary process described above with respect to the irradiation of the first 
column 205 may then be repeated for the second conceptual column 206 to irradiate 
farther areas 410, 420, and their respective center regions 415, 425 and edge regions 
41 8 , 428 while translating ttie sample in the +X direction. In this manner, all 
conceptual columns of the sample 170 can be properly irradiated. Again, when the 

20 beam pulse 164 reaches the first edge 210', the translation of the sample 170 1 s 

decelerated along a sixth beam path 260 to reach a fourth location 265. At that point, 
the sample 170 is translated in the -Y direction along -the seven beam path 270 for the 
beam pulse to be outside the periphery of the sample L 70 to reach fifth location 272, 
and the translation of the sample 170 is allowed to be stopped so as to remove any 

25 vibrations from the sample 1 70. Thereafter, the sample 170 is accelerated along the 
eighth beam path 275 in the -X direction so that the beam pulse 164 reaches and 
passes the first edge 210' of the sample 170, and the beam pulse 164 irradiates (e.g., to 
partially or completely melt) certain areas in the third conceptual column 207 so that 
they can crystallize in substantially the same manner as described above for tine areas 

30 310, 320, 380, 390 of the first conceptual column 205 and the areas 410, 420, ... of 
the second conceptual column 206. 
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This procedure may be repeated fox all conceptual columns of the 
semiconductor thin film. 175, for selective columns of particular sections o»f the thin 
film 175 which are not necessarily conceptually subdivided into columns, m addition, 
it is possible for the computing arrangement 100 to control the firing of the beam 1 1 1 
by the beam source 1 lO based on the predefined location stored in the storage device 
of the computing arrangement 100 (e.g., instead of irradiating the semiconductor thin 
film 175 by settmg predetermined time period between the beam pulses or setting 
pulse durations). For example, the computing arrangement 100 can control the beams 
source 1 1 0 to generate the beam 1 1 1 and irradiate only at the predetermined locations 
of certain areas of the thin film 175 with its corresponding beam pulse 164-, such that 
these locations are stored and used by the computing arrangement 100 to iaaitiate the 
firing of the beam 1 1 1 which results in the irradiation by the beam pulse oanly when 
the sample 170 is translated to situate those areas directly in the path of the beam 
pulse 164. The beam source 110 can be fired via the computing arrangement 100 
based on the coordinates of the location in the X direction 

In addition, it is possible to translate the sample 170 in a manner which 
is not necessary continuous, when the path of the irradiation of the beam pulse 164 
points to the areas on the semiconductor thin film 175 to be melted and crystallized. 
Thus, it is possible for the translation of the sample 170 to be stopped in tbxe middle of 
the sample 170, with the area in the middle being irradiated and then crystallized. 
Thereafter, the sample 170 can be translated so that another section of the 
semiconductor thin film 175 is arranged in the path of the beam pulse 164, such that 
the translation of the sample is then stopped again and the particular sectiom is 
irradiated and completely melted in accordance with the exemplary embodiment of 
the process described in great detail above, as well as the embodiments of "the process 
which shall be described below. 

According to the present invention, any mask described and shown 
herein and those described and illustrated in U.S. patent application serial no. 
09/390,535, the entire disclosure of which is incorporated herein by reference, may be 
used for the process and system according to the pxesent invention. For ex: ample, 
instead of using the mask shown in Fig. 3 which allows the semiconductor thin film 
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175 to be flood-irradiated, a second exemplary embodiment of the mask 150' 
illustrated in Fig. 5A can be utilized. In contrast to the mask 150 o^ Fig. 3 which has 
a single open or transparent region 157, the mask 150' has multiple open or 
transparent regions 450 which are separated from one another by beam-blocking 
regions 455. The open or transparent regions 450 of the mask 150* can also be 
referred to as "slits." These slits permit small beam pulses (or beamlets) to irradiate 
there-through and completely melt the areas of the semiconductor thin film 175 that 
they impinge. An enlarged illustration of one of the slits 450 is provided in Fig. 5B, 
which shows that the dimensions of the slits 450 can be 0.5 um by 0.5 urn. It should 
be clearly understood that other dimensions of the slits are possibles, and are within the 
scope of the present invention. For example, the slits can have a rectangular shape, a 
circular shape, a triangular shape, a chevron shape, a diamond-shaped shape, etc. 
According to the present invention, the slits should be sufficiently large so that when 
the pulsed beamlets 164 formed thereby irradiate and crystallize the particular areas of 
the semiconductor thin film 1 75, the center portions (i.e., not the edge regions) are 
formed so as to situate the TFT devices (ox at least their active regions) therein. It is 
important that the active regions of such situated TFT devices have respective 
distances from one another which are greater that the edge regions of the beamlet- 
irradiated and crystallized areas. 

Figs. 6A-6D show an exemplary progression of a second embodiment 
of the process according to the present invention in which a plurality of successive 
areas along the first conceptual column 205 of the semiconductor tbin film 175 is 
irradiated by the masked beam pulse 164 Ccomprised of beamlets) which is shaped by 
the mask 150' of Fig. 5A. The translation of the sample 170 with respect to the 
impingement thereof by the beam pulse 164 is substantially the same as the 
translation described above with reference to Figs. 4A-4F. The difference between 
the irradiation off the areas 310, 320, .... 380, 390, 410, 420 by the t>eam pulse 164 
shaped by the mask 150 of Fig. 3 and the areas 460, 470 by the beam pulse 164 
shaped by the mask 150* is that substantially the entire areas 310, 320, ... , 380, 390, 
410, 420 are irradiated and crystallized, as opposed to only certain small portions 462 
of the areas 460, 470 are irradiated and crystallized. 



WO 2004/017381 ^CT/DS2003/025954 



20 



Similarly to the area 3 10 in Fig. 4A, the portions 462 of the area 460 
are irradiated as illustrated in Fig. 6A.. Thereafter, the portions 462 are crystallized to 
form the center regions 465, and the edge regions 468 as shown in Fig. 4B. Similarly 
to the first center regions 315, the center regions 465 of the respective portions 462 
have grains therein which are different than the grains of the edge regions 468, and 
are sized such that at least an active region of the TFT device Cand possible the entire 
TFT device) can be placed away from the edge regions 468. As shown in Fig. 6C, 
upon the translation of the sample 170 in the -X direction, portions 472 of the area 
470 are irradiated and then crystallized in a substantially the same manner as the 
portions 462. Therefore, the center regions 475 and the edge regions 478 of the area 
470 are formed. 

In addition, it is possible to utilize a third embodiment of a mask 150" 
according to the present invention as shown in Fig. 7 which ha_s a long and narrow 
open or transparent region 490 so as to pattern and shape the b earn 149 into the beam 
pulse 164. For example, the length of the region 490 can be 0. 5 cm and the width 
thereof may be 0.1 mm. In this mamxer, each conceptual column of the sample 170 
illustrated in Fig. 2 can be irradiated by the beam pulse 164 shaped by this mask 150". 
In addition, it may be possible for the length of the region 490 to be 30 cm. Thus, 
instead of subdividing the semiconductor thin film 175 into a number of conceptual 
columns, and irradiating each column, separately, it is possible to irradiate and 
crystallize selected portions of the semiconductor thin film 175 by translating the 
sample 170 in the -Y direction from one edge of the sample 170 to the opposite edge 
thereof. It is important that the center regions be formed using: such processing 
technique such that it would be possible to keep the active regi ons of the respective 
TFT devices at a distance from the edge regions. 

Fig. 8A shows an illustration of the first and second irradiated and 
crystallized areas 5 10 and 520 possibly corresponding to the first and second areas 
310, 320 of Figs. 4D and/or the adjacent portions 462 of the area 460 of Fig. 6D. hi 
particular, Fig. 8A shows that the entire TFT devices 610 and 620 can be situated 
away from the edge regions 518, 528, 650, and possibly within, the respective center 
regions515, 525 of the areas 510,520. The first TFT device 6 10 situated in the 
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center region 515 of the area 510 includes agate 612, a drain 614, asource 616 and an 
active region 61 8, all of which axe situated away from the edge region 518. Similarly, 
for the second TFT device 610, its gate 622, drain 624* source 626, and especially 
active region 628 are also situated away from the edge regions 528, 650 such that they 
5 do not overlap the respective edge region 528 of the area 520, and the edge region 650 
which, is provided between the center regions 515, 525, 

Fig. 8B shows an illustration of the first and second irradiated and 
crystallized areas 510 and 520 also possibly corresponding to the adjacent portions 
462 of the area 460 of Fig. 6D with the respective TFT devices 610, 620 ! provided 

10 thereon. In this exemplary embodiment, only respective active regions 618 f , 628' of 
the areas 510, 520 are provided away from the edge regions 518, 528, 650, and are 
provided within the respective uniform center regions 51 :5, 525 of the areas 510, 520, 
while other portions of the TFT devices 610', 620* are situated on the respective ed.ge 
regions 518, 528 of the areas 510, 520, and the edge area, provided there between. In 

15 particxilar, the first TFT device 610' includes an active region 618' which entirely 

situated in the center region 515 of the area 510, while a £ate 612 1 , a drain 614' and a 
source 616' of the TFT device 610 1 overlap the edge region 518. Similarly, for the: 
second TFT device 610', an active region 628 f thereof is entirely situated within tbLe 
respective center region 525 of the area 520, while a gate 622', a drain 624 f and a 

20 source 626 of the second TFT device 620' are provided directly on the respective edge 
regions 528 of the area 520. Also, the gate 622 f is provided on a border region 50O 
(i.e., the edge region 650 between the areas 510, 520) between the center region 515 
of the area 510 and the center region 525 of the area 520, It should be understood that 
any one of the gate 612, 612', 622, 622 f drain 614, 614', 624, 624 f and source 616, 

25 616', 626, 626 f can be provided on the edge regions 518, 528 and the border region 
500. 

By using this ex: emplary embodiment of the present invention, the ^dge 
region 500 and/or the width of the edge regions 518, 528 associated with such edge 
region 500 can be reduced to lfun, which is approximately 100 to 10,000 smaller -than 
30 the edge regions obtained using the conventional systems and process. Therefore, it 
would be possible to achieve tb.e placement of the entire TFT device 610, 620 in tlie 
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center regions 515, 525 such that the distance between which would be greater that 
the edge region 500, as illustrated in Fig. 8A. Similax applies for the placement of the 
TFT devices 610', 620 1 as shown in Fig. 8B, except that the distance between the 
active regions 618', 628' of the respective TFT devioes 610\ 620 f would be greater 
5 than the width of the edge region 500. 

Fig. 9 is a flow diagram representing a first exemplary processing 
procedure of the present invention under at least a partial control of a computing 
arrangement of Fig. 1 A using the techniques of the present invention of Figs. 4A-4F 
and 6A-6D. In step 100O, the hardware components of the system of Fig. 1 A, such as 

10 the beam source 1 10, the energy beam modulator 1Z0, and the beam attenuator and 
shAitter 130 are first initialized at least in part by the computing arrangement 100. The 
sample 170 is loaded onto the sample translation sta^ge 1800 in step 1005. It should 
be noted that such loading may be performed either manually or automatically using 
known sample loading apparatus under the control of the computing arrangement 100. 

15 Next, the sample translation stage 180 is moved, preferably under the control of the 
computing arrangement 100, to an initial position in step 1010. Various other optical 
components of the system are adjusted and/or aligned either manually or under the 
control of the computing arrangement 100 for a proper focus and alignment in step 
1015, if necessary. In step 1020, the irradiation/laser beam 111 is stabilized at a 

20 predetermined pulse energy level, pulse duration and repetition rate. In step 1024, it 
is preferably determined -whether each beam pulse kas sufficient energy to irradiate 
the portions of the semiconductor thin film so as to crystallize such portions 
thereafter. If that is not the case, the attenuation of the beam 111 is adjusted by the 
beams source 110 under the control of the computin_g arrangement 100 in step 1025, 

25 and step 1024 is executed again to determine if the there is sufficient energy to 
crystallize the portions of the semiconductor thin film. 

In step 1 027, the sample is positioned to point the beam pulse 164 to 
impinge the first column of the semiconductor thin film. Then, in step 103O, the 
portions of the semiconductor thin film are irradiated using a masked intensity pattern 
30 (e.g., the masked beam pulse 164). Thereafter, the irradiated portions of the 

semiconductor thin film are crystallized with the mbiimized edge regions therein so as 
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to allow at least the active regions of the TFT devices to be placed away from such 
edge regions. In step 1035, it is determined whether the irradiation, for the current 
column by the beam pulse has been completed. If no, in step 1040, the sample is 
continued to be irradiated with the next beam pulse 164. However, if in step 1035, it 
is determined th.at the irradiation and crystallization of the current column is 
completed, then it is determined in step 1O40 whether there are any further columns of 
the sample to be processed. If so, the process continues to step 1050 in which the 
sample is translated to that the beam pulse is pointed to the next column to be 
processed according to the present invention. Otherwise, in step 1055, the exemplary 
processing has been completed for the sample 170, and the hardware components and 
the beam 1 1 1 of the system shown in Fig. 1 A can be shut off, along with the process 
terminating. 

Fig. 10 is a flow diagram representing a second exemplary processing 
procedure of the present invention under at least a partial control of: a computing 
arrangement of Pig. 1A using the techniques of the present invention of Figs. 4A-4F 
and 6A-6D, in which is preferable to mask: the beam 111. Steps 1 1 00-1 120 of this 
exemplary procedure are substantially the same as the steps 1000-1 020 of the 
procedure of Fig. 9 and thus shall not be described herein in further detail. In step 
1024, however, it is determined whether each pulse has enough energy to irradiate at 
least portions of the semiconductor thin film 175 such that the irradiated portion 
crystallize. If not, in step 1 125, the attenuation for the beam pulse is adjusted, and the 
energy fluence is verified again. Upon the verification of the energy fiuence of the 
beam pulse, the sample is moved to impinge a first column of the sample 170. 

Then, in step 1 130, the resultant beam 149 is passed through a mask 
159 to shape the beam pulse, and shape the edge portions of the resxdtant pulse. Then, 
the sample 170 is continuously translated along the current column in step 1 135, In 
step 1 140, during the translation of the sample 170, the portions of the semiconductor 
thin film are irradiated and at least partially melted using a masked intensity pattern 
beam pulse to allow the irradiated portions to crystallize. This irradiation of these 
portion of the semiconductor thin film 175 can be performed when the beam pulses 
reach particular locations on the sample, which are pre-assignedby the computing 
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arrangement 100. Thus, the beam source can be fired upon the sample reaching these 
locations with respect to the beam pulses. Thereafter, the irradiated portions of the 
semiconductor thin film are allowed to crystallize such that the certain areas of the 
solidified portions have been nucleated and include uniform material therein so as to 
5 allow the distance between at least the active regions of the TFT devices to be greater 
that the edge regions of such irradiated areas. Such processing is continued until the 
end of the current column on the semiconductor thin film 17 5 is reached. In step 
1 145, it is determined whether there are any further columns; of the sample to be 
processed. If so, the process continues to step 1 150 in whicfci the sample is translated 
10 to that the beam pulse is pointed to the next column to be processed according to the 
present invention. Otherwise, in step 1 1 55 is performed, whdch is substantially the 
same as that of step 1055 of Fig. 9. 

The foregoing merely illustrates the principle s of the invention. 
Various modifications and alterations to the described embo<liments will be apparent 

15 to those skilled in the art in view of the teachings herein. For example, while the 
above embodiment has been described with respect to irradiation and crystallization 
of the semiconductor thin film, it may apply to other materials processing techniques,, 
such as micro-machining, photo-ablation, and micro-patterning techniques, including 
those described in International patent application no. PCIYCJS01/12799 and U.S. 

20 patent application serial nos. 09/390,535, 09/390,537 and 0^/526,585, the entire 

disclosures of which are incorporated herein by reference. The various mask patterns 
and intensity beam patterns described in the above-referenced patent application can 
also be utilized with the process andL system of the present invention. It will thus be 
appreciated that those skilled in the art will be able to devise numerous systems and 

25 methods wliich, although not explicitly shown or described fcterein, embody the 
principles of the invention and are thus within the spirit and scope of the present 
invention. 
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What Is Claimed Is: 



1. 



A method for processing a thin film sample, comprising the steps of: 
(a) controlling a beam generator to emit at least one beam pulse; 



(b) masking the at least one beam pulse to produce at least one masked 
beam pulse, wherein the at least one masked beam pulse is used to irradiate at least 
one portion of the thin film sample; 

(c) with the at least one masked beam pulse, irradiating the at least one 
portion of the film sample with sufficient intensity for the at least one portion to later 
crystallize; and 

(d) allowing the at least one portion of the film sample to crystallize, the 
crystallized at least one portion being composed of a first area and a second area, 
wherein, upon the crystallization thereof, the first area includes a first set of grains* 
and the second area includes a second set of grains whose at least one characteristic is 
different from at least one characteristic of the second set of grains, 

wherein the first area surrounds the second area, and is configured to allow an 
active region of an electronic device to be provided a_t a distance therefrom. 

2. The method according to claim 1, wherein the masked beam pulse has the 
intensity to completely melt the at least one portion of the thin film sample throughout 



3. The method according to claim 1, wherein the masked beam pulse has the 
intensity to partially melt the at least one portion of the thin film sample. 

4. The method according to claim 1, wherein the active region of the TFT is 
situated within the second area. 



its thickness. 



5. The method according to claim 1, wherein the second area corresponds to at 
least one pixel. 
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6. The method according to claim 1 , wherein the second area has a cross-section 
for facilitating thereon all portions of the TFT. 

7. The method according to claim 1, wherein a size and a position of the first 
5 area with respect to the second area are provided such that the first area provides 

either no effect or a negligible effect on a performance of the TFT. 

8. The method according to claim 1, further comprising the step of: 

(e) after step (d), determining a location of the first area so as to avoid a 
1 0 placement of the active region of the TFT thereon. 

9. The method according to claim 1 , wherein the at least one beam pulse includes 
a plurality of beamlets, and wherein the first and second areas axe irradiated by the 
beamlets. 

15 

10. The method according to claim 1 , wherein the thin film sample is a silicon thin 
film sample. 

1 1 . The method according to claim 1 , wherein the thin film sample is composed of 
20 at least one of silicon and germanium. 

12. The method according to claim 1 , wherein the thin film sample has a thickness 
approximately between 100A and 10,00 OA. 

25 13. The method according to claim 1, wherein the first set of grains provided in 
the first area are laterally-grown grains. 
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14. The method according to claim 13, wherein the laterally-grown grains of the 
first area are equiaxed grains. 
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1 5 . The method according to claim 1, wherein ttxe electronic device is a tfcrin-film 
transistor ("TFT"). 

1 6 . The method according to claim 1 , wherein thie thin film sample is a 
semiconductor thin film sample. 

17. A system for processing a thin fihn sample, comprising: 
a processing arrangement which is configured to: 

(a) control a beam generator to emit at feast one beam pulse; 

(b) mask the at least one beam pulse to pioduce at least one masked beam 
pulse, wherein the at least one masked beam pulse is used to irradiate 
at least one portion of the film sample; and 

(c) with the at least one masked beam pulse, initiate an irradiation, of the at 
least one portion of the film sample with sufficient intensity for the at 
least one portion to later crystallize 

wherein the at least one portion of the film sample is allowed to crystallize, the 
crystallized at least one portion being composed of a first area and a second area, 
wherein, upon the crystallization thereof, the first area includes a first set of grains, 
and the second area includes a second set of grains whose at least one characteristic is 
different from at least one characteristic of the second set of grains, 

wherein the first area surrounds the second axea, and configured to alLow an 
active region of an electronic device to be provided at a distance therefrom. 

1 8 . The system according to claim 1 7, wherein fltie masked beam pulse has the 
intensity to completely melt the at least one portion of the thin film sample throughout 
its thickness. 

1 9 . The system according to claim 18, wherein title masked beam pulse has the 
intensity to partially melt the at least one portion of the thin fi lm sample. 
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20. The system according to claim 17, wherein the active region of the TFT is 
situated within the second area. 

21. The system according to claim 17, wherein the second area corresponds to at 
5 least one pixel. 

22. The system according to claim 17, wherein the second area has a cross-sectioxi 
for facilitating thereon all portions of the TFT. 

10 23. The system according to claim 17, wherein a size and a position of the first 
area with respect to the second area are provided such that the first area provides 
either no effect or a negligible effect on a performance of the TFT. 

24. The system according to claim 17, wherein the processing arrangement is 

15 further configured to, after procedure (d), determine a location of the first area so as to 
avoid a placement of the active region of the TFT thereon. 

25. The system according to claim 17, wherein the at least one beam pulse 
includes a plurality of beamlets, and wherein the first and second areas are irradiated 

20 bythebeatnlets. 

26. The system according to claim 17, wherein the thin film sample is a silicon the 
film sample. 

25 27. The system according to claim 17, wherein the thin film sample is composed 
of at least one of silicon and germanium. 

28. The system according to claim 17, wherein the thin film sample has a 
thickness approximately between 1 0OA and 1 0,000A. 

30 
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29. The system according to claim 17, whereixi the first set of grains provided in 
the first area are laterally-grown grains. 

30. The system according to claim 29, wherein the laterally-grown grains of the 
first area are equiaxed grains. 

31. The system according to claim 17, wherein the electronic device is a thin-film 
transistor ("TFT"). 

32. The system according to claim 17, wherein the thin film sample is a 
semiconductor thin film, sample. 

33. A thin film sample, comprising: 

at least one section irradiated by at least one masked beam ;pulse which 
is configured to irradiate the at least one section of the sample for a later 
crystallization thereof, 

wherein the at least one portion of the fihn sample is crystallized to include a 
first area and a second area, 

wherein, upon the crystallization thereof, the first area includes a first set of 
grains, and the second area includes a second set of grains whose at least one 
characteristic is different from at least one characteristic of the second set of grains, 

wherein the first area surrounds the second area, and is configured to allow an 
active region of an electronic device to be provided at a distance therefrom. 
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(57) Abstract: A process and system for processing a thin film sam- 
ple, as well as the thin film structure are provided. In particular, a 
beam generator can be controlled to emit successive irradiation beam 
pulses at a predetermined repetition rate. Each irradiation beam pulse 
may be masked to define a first plurality of beamlets and a second 
plurality of beamlets. The first and second plurality of beamlets of 
each of the irradiation pulses being provided for impinging the film 
sample and having an intensity which is sufficient to at least partially 
melt irradiated portions of the section of the film sample. A particu- 
lar portion of the section of the film sample is irradiated with the first 
beamlets of a first pulse of the irradiated beam pulses to melt first 
areas of the particular portion, the first areas being at least partially 
melted, leaving first unirradiated regions between respective adjacent 
ones of the first areas, and being allowed to resolidify and crystallize. 
After the irradiation of the particular portion with the first beamlets, 
the particular portion is again irradiated with the second beamlets of 
a second pulse of the irradiated beam pulses to melt second areas of 
the particular portion, the second areas being at least partially melted, 
leaving second unirradiated regions between respective adjacent ones 
of the second areas, and being allowed to resolidify and crystallize. 
The first irradiated and re-solidified areas and the second irradiated 
and re-solidified, areas are intermingled with one another within the 
section of the film sample. In addition, the first areas correspond to 
first pixels, and the second areas correspond to second pixels. 
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PROCESS AND SYSTEM FOR LASER CRYSTALLIZATION PROCESSING 
OF FILM REGIONS ON A SUBSTRATE TO PROVIDE SUBSTANTIAL 
UNIFORMITY WITHIN AREAS IN SUCH REGIONS AND EDGE AREAS 
THEREOF, AND A STRUCTURE OF SUCH FILM REGIONS 

SPECIFICATION 

RELATED APPLICATION 

This application claims priority to United States Provisional 
Application No. 60/405,083, which was filed on August 19, 2002, and is incorporated 
by reference. 

NOTICE OF GOVERNMENT RIGHTS 

The U.S. Government may have certain rights in this invention 
pursuant to the terms of the Defense Advanced Research Project Agency award 
number N66001 -98-1-8913. 

FIELD OF THE INVENTION 

The present invention relates to techniques for processing of films, and 
more particularly to techniques for processing semiconductor films to spatially 
intermix multiple irradiations of areas of films of such thin films so as to obtain a 
substantial performance uniformity of electronic devices, such as thin-film transistor 
("TFT") devices, situated therein. 

BACKGROUND OF THF, INVENTION 

Films, such as silicon films or semiconductor films, are known to be 
used for providing pixels for liquid crystal display devices. Such films have 
previously been processed (i.e., irradiated by an excimer laser and then crystallized) 
via excimer laser annealing ("ELA") methods. Other more advantageous methods 
and systems for processing the semiconductor thin films for use in the liquid crystal 
displays and organic light emitting diode displays for fabricating large grained single 
crystal or polycrystalline silicon thin films using sequential lateral solidification 
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("SLS") techniques have been described. For example, U.S. Patent No. 6,322,625 
issued to Itn and U.S. patent application serial no. 09/390,537, the entire disclosures 
of which are incorporated herein by reference, and which are assigned to the common 
assignee of the present application, describe such SLS systems and processes. The 
5 patent documents describe certain techniques in which multiple areas on the 
semiconductor thin film are, e.g., sequentially irradiated. 

The semiconductor films processed using the conventional system and 
processes often suffer from varying energy densities from one irradiated region of 
such thin film to the next. This primarily due to the fact that the laser beam fluence at 

10 least slightly varies from one shot to the next. For example, during the sequential 

irradiation of the neighboring regions of the thin film, the first region is irradiated by a 
first beam pulse (set of pulses) having a first energy fluence, the second region is 
irradiated by a second beam pulse (or set of pulses) having a second fluence which is 
at least slightly different that the fluence of the first beam pulse, and the third region 

15 is irradiated by a third beam pulse (or set of pulses) having a third fluence which is at 
least slightly different that the fluence of the second beam pulse, etc. Upon the 
irradiation of these areas, they can crystallize (e.g., due to at least partial melting). 
The resulting energy densities of the irradiated and crystallized first, second and third 
regions of the semiconductor thin film are all, at least to an extent, different from one 

20 another due to the varying fluences of the sequential beam pulses irradiating the 
neighboring regions. 

The problem may arise after such fabrication of the semiconductor thin 
film, i.e., when thin-film transistor ("TFT") devices are placed in such areas irradiated 
and crystallized regions having differing energy densities. In particular, the 

25 performance of such TFT devices situated in the crystallized regions of the film may 
vary from one device to another because of their energy density differences. For 
example, while the TFT devices placed in each of the crystallized regions (which may 
be uniform therein) generally have uniform characteristics and operate in a 
substantially the same manner within each such region, the TFT devices do not 

30 operate in the uniform manner from one crystallized region to another. This manifests 
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itself in the fact that the same colors provided on the neighboring pixels of the display 
may appear different from one another. 

Another problem of the unintended consequence of irradiating the 
neighboring regions of the semiconductor thin film with pulses each having a slightly 
5 differing fluences is that a transition from the one of these regions to the next 

consecutive region may be visible. This is due to the energy densities being different 
from one anther in the two neighboring regions, and because the transitions between 
the regions at the border regions thereof has a contrast from one to another because of 
such differing energy densities. Thus, it is possible that the transition between the first 
1 0 region to the next region is sharper than it may be intended. 

Accordingly, it may be preferable to generate substrates which include 
the semiconductor films that reduce the effects of differing fluences of consecutive 
beam pulses irradiating neighboring regions of the semiconductor thin film, which 
later crystallize. 

15 SUMMARY OF TFfF. INVENTION 

One of the objects of the present invention is to provide an improved 
process and system which can interpose crystallized areas from two sequential pulses 
(or set of pulses) on the substrate films such that the TFT devices can be situated in 
such areas so as to allow the neighboring regions of the thin film sample so as to have 
20 substantially the same performance of the TFT devices situated therein. Another 
object of the present invention is to interpose the crystallized areas of two sequential 
pulses (or set of pulses) in the border region between the neighboring regions of the 
sample so as to reduce a perception of having a visible border between the adjacent 
regions to reduce the contrast between the two neighboring regions. 

25 m accordance with at least some of these objectives as well as others 

that will become apparent with reference to the following specification, it has now 
been determined that by specially dispersing the irradiation of one or more regions in 
the semiconductor thin film by portions of two or more different pulses (each of 
which has a differing fluence). It was also ascertained that dispersing the portions of 
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two sequential beam pulses in a border region between two adjacent regions of the 
semiconductor thin film reduces the perception of the border between the pixels. 

In one exemplary embodiment of the present invention, a process and 
system for processing a semiconductor thin film sample are provided. In particular, a 
5 beam generator can be controlled to emit successive irradiation beam pulses at a 
predetermined repetition rate. Each irradiation beam pulse may be masked to define a 
first plurality of beamlets and a second plurality of beamlets. The first and second 
plurality of beamlets of each of the irradiation pulses being provided for impinging 
the film sample and having an intensity which is sufficient to at least partially melt 

10 irradiated portions of the section of the film sample. A particular portion of the 
section of the film sample is irradiated with the first beamlets of a first pulse of the 
irradiated beam pulses to melt first areas of the particular portion, the first areas being 
at least partially melted, leaving first unirradiated regions between respective adjacent 
ones of the first areas, and being allowed to resolidify and crystallize. After the 

1 5 irradiation of the particular portion with the first beamlets, the particular portion is 
again irradiated with the second beamlets of a second pulse of the irradiated beam 
pulses to melt second areas of the particular portion, the second areas being at least 
partially melted, leaving second unirradiated regions between respective adjacent ones 
of the second areas, and being allowed to resolidify and crystallize. The first 

20 irradiated and re-solidified areas and the second irradiated and re-solidified areas are 
intermingled with one another within the section of the film sample. In addition, the 
first areas correspond to first pixels, and the second areas correspond to second pixels. 

In another exemplary embodiment of the present invention, respective 
positions of the first pixels are different than respective positions of the second pixels. 

25 Also, a location of at least one of the second irradiated areas is substantially the same 
as a location of at least one of the first unirradiated areas. The first unirradiated areas 
have substantially die same location as the second areas, and wherein the second 
unirradiated areas have substantially the same location as the first areas. The first and 
second irradiated and re-solidified areas form an entire cross-section of the section of 

30 the film sample. The locations of the first and second areas can be non-uniform, and 
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edges of the second irradiated and re-solidified areas are provided at a distance from 
the first irradiated and re-solidified areas. 

In yet another exemplary embodiment of the present invention, the first 
beamlets have a first energy density, the second beamlets have a second energy 
5 density, and the first energy density is different from the second energy density. The 
masked irradiation beam pulses may further include a third plurality of beamlets 
which are provided for impinging the film sample. In addition, after the irradiation of 
the particular portion with the second beamlets, the particular portion is irradiated 
with the third beamlets to melt third areas of the particular portion. The third areas are 

10 melted throughout their thickness, leaving third unirradiated regions between 
respective adjacent ones of the third areas and being allowed to resolidify and 
crystallize. The third areas may correspond to the third pixels, and respective 
positions of the first and second pixels are different than respective positions of the 
third pixels. A location of at least one of the first and second areas can be 

1 5 substantially the same as (or different from ) a location of at least one of the third 
unirradiated areas. Also, at least one of the first and second unirradiated areas have 
substantially the same locations as the third areas, and the third unirradiated areas 
have substantially the same locations as at least one of the first and second areas. The 
first, second and third resolidified areas may form an entire cross-section of the 

20 section of the film sample. 

In still another exemplary embodiment of the present invention, edges 
of the first and second re-solidified areas are provided at a distance from the third re- 
solidified areas. In addition, the first beamlets may have a first energy density, the 
second beamlets may have a second energy density, and the third beamlets may have 

25 a third energy density such that the third energy density is different from at least one 
of the first energy density and the second energy density. The second beam pulse 
may immediately follow the first beam pulse, the first areas can be irradiated with the 
first beamlets when the film sample is provided at a first position of with respect to 
the irradiation beam pulses. The second areas can be irradiated with the second 

30 beamlets when the film sample is provided at a second position with respect to the 
irradiation beam pulses, the second position being closer to a center of the section of 
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the film sample than the second position. Further, the film sample maybe translated 
relative to the irradiation beam pulses so that the impingement by the first beamlet of 
the film sample moves from the first position to the second position. 

In a further exemplary embodiment of the present invention, the first 
5 areas are fully melted throughout their entire thickness, and the second areas are fully 
melted throughout their entire thickness. Also, the film sample may be translated so 
that the a further portion of the film sample is provided for irradiation by the first and 
second beamlets, the further portion being substantially adjacent to the particular 
portion of the film sample. The irradiation of the first and second areas can be 
10 repeated for processing the entire semiconductor thin film sample. A first edge of the 
further portion of the film sample can overlap a second edge of the particular portion 
of the film sample, and the irradiated and re-solidified areas in the first edge of the 
further portion may be intermingled with the re-solidified areas of the particular 
portion so as to prevent an overlap thereof. 

1 5 The accompanying drawings, which are incorporated and constitute 

part of this disclosure, illustrate a preferred embodiment of the invention and serve to 
explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A is a schematic block diagram of an exemplary embodiment of 
20 an irradiation system according to the present invention which allows the portions of 
sequential beam pulses (having different fluences) to irradiate regions of a 
semiconductor thin film provided on a sample such that these portions are interposed 
with one another these regions; 

Fig. IB is an enlarged cross-sectional side view of the sample which 
25 includes the semiconductor thin film; 

Fig. 2 is a top exploded view of an exemplary embodiment of the 
sample conceptually subdivided, and having a semiconductor thin film thereon on 
which a process according to the present invention is performed for the entire surface 
area of a semiconductor thin film using the exemplary system of Fig. 1 A; 
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Fig. 3 is a top view of a first exemplary embodiment of a mask 
according to the present invention which is divided into two areas such that respective 
set of beamlets being patterned by the first area and second areas are capable of 
irradiating the same region of the thin film, and the sections of the regions irradiated 
5 by each of the set of beamlets are dispersed throughout that region; 

Figs. 4A-4H are sequential movements of the semiconductor fi lm of a 
sample with respect to the pulsed beam as the beam pulse is patterned by the mask of 
Fig. 3 according to an exemplary embodiment of the present invention; 

Figs. 5 A-5H are irradiations, by the radiation beam pulse which is 
10 masked by the mask of Fig. 3 (which correspond to the movements of the sample 
illustrated in Figs. 4A-4H), and then re-solidifications and crystallizations of the 
particular portions of the semiconductor film provided on the sample at exemplary 
sequential stages of the processing according to the process of the present invention; 

Fig. 6 A is an illustration of the two particular areas irradiated, re- 
15 solidified and crystallized areas corresponding to the crystallized areas of Figs. 5G 
and 5H in which the entire TFT device is situated in the crystallized areas; 

Fig. 6B is an illustration of the two particular areas irradiated, re- 
solidified and crystallized areas corresponding to the crystallized areas of Figs. 5G 
and 5H in which an active region of the TFT device is situated in the crystallized 
20 areas, while other regions are provided over border areas between the crystallized 
areas; 

Fig. 7 is a top view of a second exemplary embodiment of a mask 
according to the present invention which is divided into three areas such that 
respective set of beamlets being patterned by the first, second and third areas are 
25 capable of irradiating the same region of the thin film, and the sections of the regions 
irradiated by each of the set of beamlets are dispersed throughout that region; 

Figs. 8A-8H are sequential movements of the semiconductor film of a 
sample with respect to the pulsed beam as the beam pulse is patterned by the mask of 
Fig. 7 according to an exemplary embodiment of the present invention; 
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Figs. 9A-9H are irradiations, by the radiation beam pulse which is 
masked by the mask of Fig. 7 (which correspond to the movements of the sample 
illustrated in Figs. 8A-8H), and then re-solidifications and crystallizations of the 
particular portions of the semiconductor film provided on the sample at exemplary 
5 sequential stages of the processing according to the process of the present invention; 

Fig. 10 is a top view of a third exemplary embodiment of a mask 
according to the present invention which is divided into four areas such that 
respective set of beamlets being patterned by the first and second areas are used to 
laterally grow grains in first irradiated sections of the irradiated, respective set of 
1 0 beamlets being patterned by the third and fourth areas are used to laterally grow 
grains in second irradiated sections of the irradiated region, and the first and second 
sections of the regions irradiated by the beamlets are dispersed throughout that region; 

Figs. 11 A-11H are sequential movements of the semiconductor film of 
a sample with respect to the pulsed beam as the beam pulse is patterned by the mask 
1 5 of Fig. 10 according to an exemplary embodiment of the present invention so as to 
promote a sequential lateral solidification ("SLS") of grains in certain areas of the 
same region of the semiconductor thin film; 

Figs. 12A-12F are irradiations, by the radiation beam pulse which is 
masked by the mask of Fig. 10 (which correspond to the movements of the sample 
20 illustrated in Figs. 1 1 A-l 1H), and then re-solidifications and crystallizations of the 
particular portions of the semiconductor film provided on the sample at exemplary 
sequential stages of the processing according to the process of the present invention 
based on SLS principles; 

Fig. 13 is a top view of a fourth exemplary embodiment of a mask 
25 according to the present invention which is divided into a center area and border areas 
such that respective set of beamlets being patterned by the border areas irradiate a 
region so that they are inteiposed between the sections of the region irradiated by the 
beamlets patterned by the next sequential beam pulse irradiating the adjacent region, 
and the border sections of the neighboring regions irradiated by the beamlets of later 
30 beam pulses are dispersed throughout that border sections; 
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Figs. 14A-14D are irradiations, by the radiation beam pulse which is 
masked by the mask of Fig. 13 , and then re-solidifications and crystallizations of the 
particular portions of the semiconductor film provided on the sample at exemplary 
sequential stages of the processing according to the process of the present invention; 

5 Fig, 15 is an illustration of the number of irradiations that the areas 

being irradiated by the beam pulse patterned by the mask of Fig. 13 are subjected to; 

Fig. 16 is a flow diagram representing a first exemplary processing 
procedure of the present invention under at least partial control of a computing 
arrangement of Fig. 1 A using the exemplary techniques of the present invention of 
10 Figs. 4A-4H, 5A-5H, 8A-8H, 9A-9H, 11A-11H and 12A-12F; and 

Fig. 17 is a flow diagram representing a second exemplary processing 
procedure of the present invention under at least partial control of a computing 
arrangement of Fig. 1 A using the exemplary techniques of the present invention of 
Figs. 14A-14D. 



15 DETAILED DESCRIPTION 

It should be understood that various systems according to the present 
invention can be utilized to generate, solidify and crystallize one or more areas on the 
semiconductor (e.g., silicon) thin film which have which can be interposed between 
previously crystallized areas of such semiconductor thin film. The exemplary 
20 embodiments of the systems and process to achieve such areas, as well as of the 
resulting crystallized semiconductor thin films shall be described in further detail 
below. However, it should be understood that the present invention is in no way 
limited to the exemplary embodiments of the systems, processes and semiconductor 
thin films described herein. 

25 Certain systems for providing a continuous motion SLS are described 

in U.S. Patent Application Serial No. 09/526,585 (the "'585 application"), the entire 
disclosure of which is incorporated herein by reference. Substantially similar systems 
according to the exemplary embodiment of the present invention can be employed to 
generate the irradiated, solidified and crystallized portions of the semiconductor film 
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described above using which it is possible to disperse newly irradiated, solidified and 
crystallized areas with the previously crystallized portions. In particular, the system 
according to the present invention is used on a sample 170 which has an amorphous 
silicon thin film thereof that is being irradiated by irradiation beam pulses to promote 
5 the irradiation, subsequent solidification and crystallization of the particular areas of 
the semiconductor thin film. The exemplary system includes a beam source 110 
(e.g., a Lambda Physik model LPX-3 151 XeCl pulsed excimer laser) emitting an 
irradiation beam (e.g., a laser beam), a controllable beam energy density modulator 
120 for modifying the energy density of the laser beam, a MicroLas two plate variable 

10 attenuator 130, beam steering mirrors 140, 143, 147, 160 and 162, beam expanding 
and colUmating lenses 141 and 142, a beam homogenizer 144, a condenser lens 145, a 
field lens 148, a projection mask 150 which may be mounted in a translating stage 
(not shown), a 4x-6x eye piece 161, a controllable shutter 152, a multi-element 
objective lens 163 for focusing a radiation beam pulse 164 onto the sample 170 

1 5 having the semiconductor thin film to be processed mounted on a sample translation 
stage 180, a granite block optical bench 190 supported on a vibration isolation and 
self-leveling system 191, 192, 193 and 194, and a computing arrangement 100 (e.g., a 
general purpose computer executing a program according to the present invention or a 
special-purpose computer) coupled to control the beam source 110, the beam energy 

20 density modulator 120, the variable attenuator 130, the shutter 152 and the sample 
translation stage 180. 



computing arrangement 100 to effectuate translations of the sample 170 in the planar 



25 arrangement 1 00 controls the relative position of the sample 40 with respect to the 
irradiation beam pulse 164. The repetition and the energy density of the irradiation 
beam pulse 1 64 are also controlled by the computer 1 00. It should be understood by 
those skilled in the art that instead of the beam source 110 (e.g., the pulsed excimer 
laser), the irradiation beam pulse can be generated by another known source of short 

30 energy pulses suitable for at least partially melting (and possibly fully melting 

throughout their entire thickness) selected areas of the semiconductor (e.g., silicon) 



The sample translation stage 180 is preferably controlled by the 



X-Y directions, as well as in the Z direction. In this manner, the computing 
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thin film of the sample 170 in the manner described herein below. Such known 
source can be a pulsed solid state laser, a chopped continuous wave laser, a pulsed 
electron beam and a pulsed ion beam, etc. Typically, the radiation beam pulses 
generated by the beam source 110 provide a beam intensity in the range of 10 mj/cm 2 
5 to 1 J/cm 2 , a pulse duration (FWHM) in the range of 10 to 103 nsec, and a pulse 
repetition rate in the range of 10 Hz to 104 Hz. 

While the computing arrangement 100, in the exemplary embodiment 
of the system shown in Fig. 1A, controls translations of the sample 170 via the sample 
stage 1 80 for carrying out the processing of the semiconductor thin film of the sample 

10 170 according to the present invention, the computing arrangement 100 may also be 
adapted to control the translations of the mask 150 and/or the beam source 1 10 
mounted in an appropriate mask/laser beam translation stage (not shown for the 
simplicity of the depiction) to shift the intensity pattern of the irradiation beam pulses 
164, with respect to the semiconductor thin film of the sample 170, along a controlled 

15 beam path. Another possible way to shift the intensity pattern of the irradiation beam 
pulse is to have the computer 100 control a beam steering mirror. The exemplary 
system of Fig. 1 may be used to carry out the processing of the silicon thin film of the 
sample 170 in the manner described below in further detail. The mask 150 should be 
used by the exemplary system of the present invention to well define the profile of the 

20 resulting masked beam pulse 164 and to reduce the non-uniformity of the adjacent 
portions and edge regions of the portions of the semiconductor thin film when these 
portions are irradiated by such masked beam pulse 164 and then crystallized. 

As illustrated in Fig. IB, the semiconductor thin film 175 of the sample 
170 can be directly situated on e.g., a glass substrate 172, and may be provided on one 

25 or more intermediate layers 1 77 there between. The semiconductor thin film 1 75 can 
have a thickness between 100A and 10,000A (lum) so long as at least certain 
necessary areas thereof can be completely melted throughout their entire thickness. 
According to an exemplary embodiment of the present invention, the semiconductor 
thin film 1 75 can be composed of silicon, germanium, silicon gennanium (SeGe), all 

30 of which preferably have low levels of impurities. It is also possible to utilize other 
elements or semiconductor materials for the semiconductor thin film 175. The 
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intermediary layer 177, which is situated immediately underneath the semiconductor 
thin film 175, can be composed of silicon oxide (Si0 2 ), silicon nitride (Si^), and/or 
mixtures of oxide, nitride or other materials that are suitable for promoting grain 
growth within the designated areas of the semiconductor thin film 175 of the sample 
5 . 170. The temperature of the glass substrate 172 can be between room temperature 
and 800°C. Higher temperatures of the glass substrate 172 can be accomplished by 
preheating the substrate 172 which would effectively allow larger grains to be grown 
in the irradiated, re-solidified, and then crystallized areas of the semiconductor thin 
film 175 of the sample 170 due to the proximity of the glass substrate 172 to the thin 
10 film 175. 

Fig. 2 shows an enlarged view of an exemplary embodiment of the 
semiconductor thin film 175 (e.g., an amorphous silicon thin film) of the sample 170, 
and the relative translation paths of the beam pulse 164 with respect to the locations 
on the sample 170. This exemplary sample 170 has exemplary dimensions of 40 cm 

15 in the Y direction by 30 cm in the X direction. The sample 1 70 can be conceptually 
subdivided into a number of columns (e.g., a first conceptual column 205, a second 
conceptual column 206, a third conceptual column 207, etc.). The location/size of 
, each conceptual column may be stored in a storage device of the computing 

arrangement 100, and utilized by the computing arrangement 100 for later controlling 

20 the translation of the sample 170, and/or firing of the beam by the beam source 1 10 on 
these locations of the semiconductor thin film 175, or on other locations that are based 
on the stored locations. Each of the columns 205, 206, 207, etc. is dimensioned, e.g., 
X A cm in the Y direction by 30 cm in the X direction. Thus, if the sample 170 is sized 
40 cm in the Y direction, the sample 1 50 may be conceptually subdivided into eighty 

25 (80) columns. The sample 170 may also be conceptually subdivided into such 
columns having other dimensions (e.g., 1 cm by 30 cm columns, 2 cm by 30 cm 
columns, 2 cm by 30 cm columns, etc.). In fact, there is absolutely no restrictions on 
the dimensions of the conceptual columns of the sample 170 so long as the beam 
pulse 164 is capable of irradiating and completely melting certain areas of the 

30 semiconductor thin film 1 75 in such columns so as to promote small grain growth 
within such areas for forming uniform areas on the film sample 175 to allow the 
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interposition of the areas irradiated by two different (e.g., sequential) beam pulses 
which generally have differing fluences between one another in the same region of the 
semiconductor thin film. The location/dimension of each column, and the locations 
thereof, are stored in the storage device of the computing arrangement 100, and 
5 utilized by such computing arrangement 100 for controlling the translation of the 
translation stage 180 with respect to the beam pulse 164 and/or the firing of the beam 
1 1 1 by the beam source 1 10. 



164 which is patterned using the mask 150 according to a first exemplary embodiment 

10 of the present invention as shown in Fig. 3. The first exemplary mask 150 is sized 
such that its cross-sectional area is larger than that of the cross-sectional area of the 
beam pulse 164. In this manner, the mask 150 can pattern the pulsed beam to have a 
shape and profile directed by the open or transparent regions of the mask 150. The 
mask 150 is subdivided into a first section A 300 and a second section B 350. The 

1 5 first section A 300 has multiple open or transparent regions 310 which are separated 
from one another by beam-blocking regions 320. The second section B 350 has 
multiple open or transparent regions 360 which are separated from one another by 
beam-blocking regions 370. The open or transparent regions 3 10, 360 of first and 
second sections 300, 350 the mask 150, respectively, can also be referred to as "slits." 

20 These slits permit small beam pulses (or beamlets) to irradiate there-through and 
completely melt the areas of the semiconductor thin film 175 that they impinge. The 
dimensions of the slits 310, 360 can be 0.1 ym by 0.5 jim, 0.5 pm by 0.5 pm, etc. It 
should be clearly understood that other dimensions of the slits are possible, and are 
within the scope of the present invention. For example, the slits can have a 

25 rectangular shape, a circular shape, a triangular shape, a chevron shape, a diamond 
shape, etc. In this manner, the mask 150 is capable of patterning the beam pulse 164 
so as to impinge the semiconductor thin film 175 of the sample 170 at predetermined 
portions thereof as shall be described in further detail below. 



30 invention illustrated in Fig. 4A-4H and 5A-5H shall now be described below with 
reference to the relative movement of the sample 170 with respect to the impingement 



The semiconductor thin film 175 can be irradiated by the beam pulse 



A first exemplary embodiment of the process according to the present 
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of the sections of the semiconductor thin film 175 by the beam pulse 164 patterned by 
the mask of Fig. 3. Exemplary translation of the sample 170 as it relates to the 
direction of the masked beam pulse 164 shall be described below also with reference 
to Fig. 2. The sample 170 may be either by moving the mask 1 50 or the sample 
5 translation stage 1 80, in order to irradiate selective areas of the semiconductor thin 
film 175 of the sample 170. For the purposes of the foregoing, the length and width 
of tiie masked beam pulse 164 may be 0.1 cm x 0.5 cm However, it should be 
understood the masked beam pulse 164 is not limited to such shape and size. Indeed, 
other shapes and/or sizes of the beam pulse 164, which is patterned and dimensioned 
10 by the mask 150. 

After the sample 170 is conceptually subdivided into columns 205, 
206, 207, etc., a pulsed laser beam 1 1 1 is activated (by actuating the beam source 110 
using tiie computing device 100 or by opening the shutter 130), and produces the 
pulsed laser beamlets 1 64 which impinges on a first location 220 which is away from 
15 the semiconductor thin film 175. Then, the sample 170 is translated and accelerated 
in the forward X direction under the control of the computing arrangement 100 to 
reach a predetermined velocity with respect to the fixed position beamlets in a first 
beampath225. 

In one exemplary variation of the process of the present invention, the 
20 pulsed beamlets 164 can reach a first edge 210' of the sample 170 preferably when the 
velocity of the movement of the sample 170 with respect to the pulsed laser beam 149 
reaches the predetermined velocity. Then, the sample 170 can be continuously (e.g., 
without stopping) translated in the -X direction at the predetermined velocity so that 
the pulsed beamlets 164 continue irradiating successive portions of the sample 170 for 
25 an entire length of a second beam path 230. 

Upon the passing the first edge 210*, the beam pulse 149 is passed 
through the first section A 300 and the section B 350 of the mask 150 which patterns 
the beam pulse 149 to become the masked beam pulse 164. As shown in Fig. 5 A, the 
masked beam pulse 164 patterned by the first section A 300 of the mask 150 impinges 
30 a first region 41 0 on the first conceptual column 205 of the semiconductor thin film 
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sample 170, while the masked beam pulse 164 patterned by the second section B 350 
of the mask 150 irradiates an area away from the edge 210* of the semiconductor thin 
film 170. Therefore, as shown in Figs. 4A and 5A, the first region 410 of the 
semiconductor thin film is irradiated only by the beam pulse 1 64 masked by the first 
5 section A 300 of the mask 150, As shown in Fig. 5A, the irradiated first region 410 is 
composed of irradiated first portions 415 which are provided at a distance from one 
another, and substantially match the positions and orientations of the slits 310 of the 
first section A 300 of the mask 150. In particular, the irradiated first portions 415 are 
provided such that the portions between these irradiated first portions 41 5 can be 

1 0 irradiated with another beam pulse (e.g., a subsequent masked beam pulse). In a 
preferred embodiment of the present invention, such portions provided between 
irradiated first portions 415 are sufficiently large to enable the entire new portions 
having an approximately the same size as the first portions 415 to be irradiated therein 
by another beam pulse (e.g., without overlapping any portion of the irradiated first 

15 portions 415). It is possible that the masked beam pulse 164 has sufficient fluence or 
intensity to completely melt the first portions 415 being irradiated throughout their 
entire thickness. In addition, these portions 415 can be partially melted by the masked 
beam pulse 164. 

Thereafter, as shown in Figs. 4B and 5B, the sample 170 is continued 
20 to be translated in the -X direction relative to the masked beam pulse 164, and the 
beam pulse is masked by the first section A 300 and the second section B 350 of the 
mask 150 such that the first half portion of the masked beam pulse 164 patterned by 
the first section A 300 irradiates a second region 420 on the conceptual first column 
205 of the semiconductor thin film 175, and the second half portion of the masked 
25 beam pulse 164 patterned by the second section B 350 irradiates the first region 410. 
Thus, first areas 425 of the second region 420 are positioned and irradiated in a 
substantially the same manner as the first areas 415 of the first region 410. It should 
be noted that prior to the irradiation of the first region 410 by the second half portion 
of the masked beam pulse 164 which is patterned by the second section B 350, the 
30 first portions 415 which were irradiated by the previous beam pulse (as shown in Fig. 
5A) are allowed to solidify and crystallize. In addition, second portions 418 of the 
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first region 410 which were irradiated by the second half portion of the beam pulse 
164 masked by the second section B 350 of the mask 150 are interposed between the 
crystallized first portions 415. It is noted that the fluence used by the half portion of 
the masked beam pulse 164 to irradiate the first areas 415 is different from the fluence 
5 used to by a half portion of another masked beam pulse 164 to irradiate the second 
areas 418. Due to the fact that the first and second areas 415, 418 are interposed 
between one another, the performance of the TFT devices placed on such crystallized 
areas 415, 418 is preferably unifonn throughout the first region 410. 

Next, as shown in Figs. 4C and 5C, the sample 170 is continued to be 

1 0 translated in the -X direction relative to the masked beam pulse 1 64, and the beam 
pulse 149 is again masked by the first section A 300 and the second section B 350 of 
the mask 150 such that the half portion of the masked beam pulse 164 patterned by 
the first section A 300 irradiates a third region 430 on the conceptual first column 205 
of the semiconductor thin film 175, and the second half portion of the masked beam 

15 pulse 164 patterned by the second section B 350 irradiates the second (previously 
partially irradiated) region 420. First areas 435 of the third region 430 are positioned 
and irradiated in a substantially the same manner as the first areas 415 of the first 
region and the first areas 425 of the second region 420. Similar to the discussion 
above regarding the crystallization of the first irradiated areas 415 of the first region 

20 410, the first areas 425 which were irradiated by the previous beam pulse (as shown in 
Fig. 5B) are allowed to solidify and crystallize. Further, second areas 428 of the 
second region 420 which were irradiated by the second half portion of the beam pulse 
164 masked by the second section B 350 of the mask 150 are interposed between the 
crystallized first portions 425. In addition, the first areas 41 5 and the second areas 

25 418 (and in particular all areas) ofthe first region 410 are crystallized. 

Figs. 4D and 5D show the sample 1 70 being translated in the -X 
direction relative to the masked beam pulse 164, and the beam pulse is again masked 
by the first section A 300 and the second section B 350 ofthe mask 150 such that the 
half portion ofthe masked beam pulse 164 patterned by the first section A 300 
30 irradiates a further region 430 on the conceptual first column 205 of the 

semiconductor thin film 175, and the second half portion of the masked beam pulse 
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164 patterned by the second section B 350 irradiates the third (previously partially 
irradiated) region 430. Thus, second portions 438 of the third region 430 that are 
irradiated by the half portion of the masked beam pulse 164 are interposed between 
the crystallized first portions 435. 

5 This translation continues until all regions 410, 420, 430, 490 are 

completed such that all of the respective first and second portions thereof are 
crystallized in the first conceptual column 205, i.e., until the pulsed beamlets 164 
reach a second edge 210" of the sample 170, as illustrated in Figs. 4E and 5E. When 
the beam pulse 164 passes the second edge 210", the translation of the sample 170 
10 may be slowed with respect to the beam pulse 1 64 (in a third beam path 235) to reach 
a second location 240 (see Fig. 2). It should be noted that it is not necessary to shut 
down the pulsed beam 1 1 1 after the beam pulse 164 has crossed the second edge 210" 
of the sample 170 because it is no longer irradiating the sample 170. 

While being away from the sample 170 and the second edge 210", the 
1 5 sample 170 is continued to be translated in a -Y direction to a third location 247 via a 
fourth beam path 245 so as to be able to irradiate the sections of the semiconductor 
thin film 175 along the second conceptual column 206. Then, the sample 170 is 
allowed to settle at that location 247 to allow any vibrations of the sample 170 that 
may have occurred when the sample 170 was continued to be translated to the third 
20 location 247 to cease. Indeed, for the sample 170 to reach the second conceptual 
column 206, it is continued to be translated approximately l A cm for the columns 
having a width (in the -Y direction) of 54 cm. The sample 170 is then accelerated to 
the predetermined velocity via a fourth beam path 250 in the -X direction so that the 
impingement of the semiconductor thin film 175 by the beam pulse 164 reaches, and 
25 then bypasses the second edge 210". 

Thereafter, the sample 170 is continued to be translated along a fifth 
beam path 255, and the exemplary process described above with respect to the 
irradiation of the first column 205 may then be repeated for the second conceptual 
column 206 to irradiate further areas 410, 420, and their respective small-grained 
30 regions 415, 425 and laterally-grown regions 418, 428 while translating the sample in 
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the +X direction. However, instead of using the first section A 300 as providing the 
half beam pulse to first irradiate a first region 510 of the second conceptual column 
205 of the semiconductor thin film 175, the second section B 350 of the mask is used 
for the patterning of the beam pulse, and irradiating the first region 5 10 of the second 
conceptual column 206. 



patterned by the second section B 350 of the mask 150 impinges the first region 510 
on the second conceptual column 206 of the semiconductor thin filni sample 170, 
while the masked beam pulse 164 patterned by the first section A 300 of the mask 150 
irradiates an area away from the semiconductor thin film 175. Therefore, the first 
region 410 of the semiconductor thin film 175 is irradiated only by the beam pulse 
164 masked by the second section B 350 of the mask 150. As shown in Fig. 5F, the 
irradiated first region 510 of the second conceptual column 206 is composed of 
irradiated first portions 515 which are provided at a distance from one another, and 
substantially match the positions and orientations of the slits 360 of the second section 
B 350 of the mask 150. Figs. 4G, 4H, 5G, 5H show that the regions of the second 
conceptual column 206 of the semiconductor thin film 175 are irradiated by the beam 
pulses patterned by the mask 150, such that the second half portion of the masked 
beam pulse 164 lead the first half portion of the masked beam pulse 164 in their 
irradiation of all of the regions of the second conceptual column 206 of the 
semiconductor thin film 175. 

In this manner, all conceptual columns of the sample 170 can be 
properly irradiated. In particular, when the beam pulse 164 reaches the first edge 
210', the translation of the sample 170 is decelerated along a sixth beam path 260 to 
reach a fourth location 265. At that point, the sample 170 is continued to be translated 
in the -Y direction along the seven beam path 270 for the beam pulse to be outside 
the periphery of the sample 170 to reach fifth location 272, and the translation of the 
sample 170 is allowed to be stopped so as to remove any vibrations from the sample 
170. Thereafter, the sample 170 is accelerated along the eighth beam path 275 in the 
-X direction so that the beam pulse 164 reaches and passes the first edge 210' of the 
sample 170, and the beam pulse 164 irradiates and at least partially melts certain areas 



In particular, Figs. 4F and 5F show that the masked beam pulse 164 
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in the third conceptual column 207 so that they can crystallize in substantially the 
same manner as described above for the areas 410, 420, 430, . . 490 of the first 
conceptual column 205 and shown in Figs. 5A-5E. 

This procedure may be repeated for all conceptual columns of the 
5 semiconductor thin film 175, or for selective columns of particular sections of the thin 
film 175 which are not necessarily conceptually subdivided into columns. With this 
exemplary procedure according to the present invention, because the first and second 
crystallized areas of all regions in the semiconductor thin film 175 are interposed 
between one another, the performance of the TFT devices placed on such crystallized 
10 areas is approximately uniform throughout the TFT device situated on such 
crystallized areas. 

In addition, it is possible for the computing arrangement 100 to control 
the firing of the beam 1 1 1 by the beam source 110 based on the predefined location 
stored in the storage device of the computing arrangement 100 (e.g., instead of 

1 5 irradiating the semiconductor thin film 175 by setting predetermined pulse durations). 
For example, the computing arrangement 100 can control the beams source 1 10 to 
generate the beam 1 1 1 and irradiate only at the predetermined locations of certain 
areas of the thin film 175 with its corresponding beam pulse 164, such that these 
locations are stored and used by the computing arrangement 100 to initiate the firing 

20 of the beam 1 1 1 which results in the irradiation by the beam pulse only when the 
sample 170 is continued to be translated to situate those areas directly in the path of 
the beam pulse 164. The beam source 1 10 can be fired via the computing 
arrangement 100 based on the coordinates of the location in the X direction. 

In addition, it is possible to translate the sample 170 in a manner which 
25 is not necessary continuous, when the path of the irradiation of the beam pulse 1 64 
points to the areas on the semiconductor thin film 175 to be melted and crystallized. 
Thus, it is possible for the translation of the sample 170 to be stopped in the middle of 
the sample 170, with the area in the middle being irradiated, at least partially melted, 
and then re-solidified and crystallized. Thereafter, the sample 170 can be moved so 
30 that another section of the semiconductor thin film 175 is arranged in the path of the 
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beam pulse 164, such that the translation of the sample is then stopped again and the 
particular section is irradiated and at least partially melted in accordance with the 
exemplary embodiment of the process described in great detail above, as well as the 
embodiments of the process which shall be described below. 

5 Fig. 6A shows an illustration of the first and second irradiated, re- 

solidified and crystallized areas 415 and 418 of the first region 410 illustrated in Figs. 
5C-5H. In particular, Fig. 8A shows that the entire TFT devices 610, 620 can be 
situated within the respective first and second areas 415, 418 of the first region. The 
first TFT device 610 situated in the first area 415 of the first region 410 includes a 
10 gate 612, a drain 614, a source 616 and an active region 618, all of which are provided 
away from the border area of the first area 415. Similarly, for the second TFT device 
610, its gate 622, drain 624, source 626, and especially active region 628 are also 
situated such that that they do not overlap the second are 418 of the first region 410. 

Fig. 6B shows an illustration of the first and second irradiated, re- 

15 solidified and crystallized areas 415 and 418 of the first region 410 illustrated in Figs. 
5C-5H with the respective TFT devices 610', 620' provided thereon. la this 
exemplary embodiment, only respective active regions 618', 628' of the TFT devices 
610', 620' are provided within the respective first and second crystallized areas 415, 
418, while other portions of the TFT devices 610', 620' are situated on the borders of 

20 the these areas 415, 418. In particular, the first TFT device 610' includes an active 
region 618' which entirely situated in the first area 415 of the first region 410, while a 
gate 612', a drain 614' and a source 616' of this TFT device 610* overlap the borders of 
the first area 415. Also, for the second TFT device 610*, an active region 628' thereof 
is entirely situated within the respective second area 418 of the first region 410, while 

25 a gate 622', a drain 624' and a source 626' of the second TFT device 620' are provided 
directly on the borders of such second area 418. It should be understood that any one 
of the gate 612, 612', 622, 622', drain 614, 614', 624, 624' and source 616, 616*, 626, 
626' can be provided on the first and second areas 415, 418 and the border regions 
thereof. In addition, according to still another embodiment of the present invention, it 

30 is possible to situate a small portion of the active regions 618', 628' of the respective 
TFT devices 610', 620' on the border regions of the first area 415 and/or the second 
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area 418, while still having the major portions of these active regions 618", 628' 
provided within such first and second areas 41 5, 41 8. 

Fig. 7 is a top view of a second exemplary embodiment of the mask 
150' according to the present invention which is divided into a first section A' 710, a 
5 second section B' 720 and a third section C 730 such that respective set of beamlets 
being patterned by the first, second and third sections 710, 720, 730 are capable of 
irradiating the same region of the thin film, and the sections of the regions irradiated 
by each of the set of beamlets are dispersed throughout that region. Similar to the first 
exemplary mask 150 illustrated in Fig. 3, the first, second and third sections 710, 720, 
10 730 have respective multiple open or transparent regions 715, 725, 735 which are 
separated from one another by beam-blocking regions, and can be referred to as slits. 
These slits permit small beam pulses (or beamlets) to irradiate there-through and at 
least partially melt the areas of the semiconductor thin film 175 that they impinge. 

A second exemplary embodiment of the process according to the 

1 5 present invention is described below with reference Figs. 8 A-8H and 9A-9H. as for 
the first embodiment of the process, the relative translation of the sample 170 is 
accelerated until the beam pulse 1 64 reaches the first edge 210'. Upon the passing 
the first edge 210', the beam pulse 149 is passed through the first section A' 710, the 
second section B' 720 and the third section C 730 of the mask 150' which patterns 

20 the beam pulse 149 to become the masked beam pulse 164 in the substantially the 
same patterns as that of the mask 150'. As shown in Figs. 8A and 9A, the masked 
beam pulse 164 patterned by the first section A' 710 of the mask 150' so as to 
impinge and irradiate a first region 810 on the first conceptual column 205 of the 
semiconductor thin film sample 170, while the masked beam pulse 164 patterned by 

25 the second section B' 720 and the third section C 730 of the mask 150' irradiates an 
area away from the edge 210' of the semiconductor thin film 170. Therefore, as 
shown in Figs. 8 A and 9 A, the first region 810 of the semiconductor thin film is 
irradiated only by the beam pulse 164 masked by the first section A' 710 of the mask 
150'. As shown in Fig. 9A, the irradiated first region 810 is initially composed of 

30 irradiated first portions 815 which are provided at a distance from one another, and 
substantially match the positions and orientations of the slits 715 of the first section 
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A' 710 of the mask 150'. As with the first embodiment shown in Figs. 4A-4H and 
5A-5H, the irradiated first portions 8 15 of the first region 810 are provided such that 
the portions between these irradiated first portions 815 can be irradiated with another 
beam pulse (e.g., a subsequent masked beam pulse). 

5 Thereafter, as shown in Figs. 8B and 9B, the sample 170 is continued 

to be translated in the -X direction relative to the masked beam pulse 164, and the 
beam pulse is masked by the first section A' 710 and the second section B' 720 of the 
mask 1 50' such that the first one-third portion of the beam pulse 164 (i.e., patterned 
by the first section A' 710) irradiates a second region 820 on the conceptual first 

1 0 column 205 of the semiconductor thin film 175, and the second one-third portion of 
the masked beam pulse 164 (i.e., patterned by the second section B' 720) irradiates 
the first region 810. The third one-third portion of the masked beam pulse 164 which 
is patterned by the third section C 730 of the mask 150' is irradiated away from the 
semiconductor thin film 175 (i.e., outside of the edge 210'). Thus, first areas 825 of 

15 the second region 820 are irradiated and situated in a substantially the same manner as 
the first areas 815 of the first region 810. It should be noted that prior to the 
irradiation of the first region 810 by the second one-third portion of the masked beam 
pulse 164 which is patterned by the second section B' 720, the first portions 815 
which were irradiated by the previous beam pulse (as shown in Fig. 9A) are allowed 
20 to solidify and crystallize. In addition, second portions 817 of the first region 810 
which were irradiated by the second one-third portion of the beam pulse 164 masked 
by the second section B' 720 of the mask 150' are interposed between the crystallized 
first portions 815. Based on the configuration of the first, second and third sections 
710, 720, 730 of the mask 150', at such point, there are still luurradiated portions 
25 provided in the first region 810, even though first and second portions 815, 817 have 
been irradiated by the first one-third portion of the first masked beam pulse 164 and 
the second one-third portion of the subsequent masked beam pulse 164. 

Then, as shown in Figs. 8C and 9C, the sample 170 is again continued 
to be translated in the -X direction relative to the masked beam pulse 164, and the 
30 beam pulse is masked by the first, second and third sections 710, 720, 730 of the mask 
150' such that the first one-third portion of the beam pulse 164 (i.e., patterned by the 



WO 2004/017382 



^CT/US2003/025972 



23 

first section A' 710) irradiates a third region 830 on the conceptual first column 205 
of the semiconductor thin film 175, the second one-third portion of the masked beam 
pulse 1 64 (i.e., patterned by the second section B' 720) irradiates the second region 
820, and the third one-third portion of the masked beam pulse 164 (i.e., patterned by 
5 the third section C 730) irradiates the first region 810. Thus, first areas 835 of the 
second region 820 are irradiated and situated in a substantially the same manner as the 
first areas 815, 825 of the first and second regions 810, 820, respectively. Also, 
second areas 827 of the second region 820 are irradiated and situated in a substantially 
the same manner as the second areas 817 of the first region 810. Prior to the 

1 0 irradiation of the first region 8 1 0 by the third one-third portion of the masked beam 
pulse 164 which is patterned by the third section C 730, the first and second portions 
815, 817 which were irradiated by two previous beam pulses (as shown in Figs. 9A 
and 9B) are allowed to solidify and crystallize. Also, before the irradiation of the first 
region 820 by the second one-third portion of the masked beam pulse 164 which is 

1 5 patterned by the second section B' 720, the first portions 825 which were irradiated 
by the first previous beam pulse (as shown in Figs. 9A) are also allowed to solidify 
and crystallize. 

Further, the third portions 8 1 8 of the first region 810 which were 
irradiated by the third one-third portion of the beam pulse 164 masked by the third 

20 section C 73 0 of the mask 1 50' are interposed between the crystallized first and 
second portions 815, 817. Also, the second portions 827 of the second region 820 
which were irradiated by the second one-third portion of the beam pulse 164 masked 
by the second section B' 730 of the mask 150' are interposed between the crystallized 
first portions 825. Based on the configuration of the first, second and third sections 

25 710, 720, 730 of the mask 1 50', there are no longer any unirradiated portions 
provided in the first region 810 after the irradiation thereof by the third one-third 
portion of the masked beam pulse 164. Figs. 8D and 9D illustrate that upon the 
translation of the sample 170 in the -X direction and irradiating the first conceptual 
row 205 of the semiconductor thin film 175 by the fourth sequential masked beam 

30 pulse 164, the first region 810 has all portions 815, 817, 818 thereof irradiated and 
crystallized. 
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Similar to the discussion above with reference to the embodiment of 
the present invention illustrated in Figs. 4A-4H and 5A-5H, the fluence used by the 
first one-third portions of the masked beam pulse 1 64 to irradiate the first areas 8 1 5 is 
different from each of the second and third one-third portions of the masked beam 
5 pulse 1 64 used to irradiate the second and third areas 8 1 7, 8 1 8, respectively. Due to 
the fact that the first, second and third areas 815, 817, 818 are interposed between one 
another, the performance of the TFT devices placed on such crystallized areas 815, 
817, 818 is uniform throughout the first region 810. This procedure is repeated in the 
same manner for the entire first conceptual column 205 of the semiconductor thin film 
10 175 until all regions thereof are irradiated and crystallized substantially in the same 
manner as provided above for with reference to the first region 810 of the 
semiconductor thin film 175, and as shown in Fig 8D, 8E, 9D, 9E. 

Then, when the second conceptual column 206 is started to be 
processed, the first one-third portion of the beam which impinges and irradiates first 

15 portions 915 of the first region 910 of this second conceptual column 206 of the 
semiconductor thin film 175 which were masked by the third section C 730 of the 
mask 1 50' (see Figs. 8F, 9F). Thus, Figs. 8G, 8H, 9G, 9H show that the regions of the 
second conceptual column 206 of the semiconductor thin film 175 is irradiated by the 
beam pulses patterned by the mask 1 50', such that the third one-third portion of the 

20 masked beam pulse 164 leads the second one-third portion of the masked beam pulse 
164, which then lead the third one-third portion of the masked beam pulse 164 in their 
irradiation of all of the regions of the second conceptual column 206 of the 
semiconductor thin film 175 according to the second embodiment of the present 
invention. 

25 hi this manner, all conceptual columns of the sample 170 can be 

properly irradiated by the beam pulses 164 that are patterned by the mask 150'. The 
translation and irradiation of the third conceptual column 207 is substantially the same 
as the irradiation of the first conceptual column 205, and shall not be described in 
further detail below. 
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Fig. 10 shows a top view of a third exemplary embodiment of the mask 
1 50" according to the present invention which is divided into four sections (i.e., the 
first top section 1000, a first bottom section 1020, a second top section 1050 and a 
second bottom section 1070). In particular, the respective set of beamlets being 
5 patterned by the slits 1010, 1030 of the first top and bottom sections 1000, 1020 are 
used to laterally grow grains in first irradiated portions of irradiated regions. The slits 
1030 of the first bottom section 1020 are provided at an vertical offset 1040 from the 
slits 1010 of the first top section 1000. In addition, the respective set of beamlets 
being patterned by the slits 1060, 1080 of the second top and bottom sections 1050, 

10 1 1 70, respectively, are used to laterally grow grains in second irradiated portions of 
the same irradiated regions. The slits 1080 of the second bottom section 1070 are 
provided at an vertical offset 1090 from the slits 1060 of the second top section 1050. 
The first and second portions of these regions irradiated and laterally grown by the 
beamlets in this manner are dispersed throughout that region between one another. It 

15 is noted that using this exemplary third mask 150", the layout of the resulting 

crystallized portions of the semiconductor thin film 175 is substantially similar as that 
of the first exemplary embodiment of the mask 150 illustrated in Fig. 3. However, the 
first portions 415, 425, etc. and the second portions 418, 428, etc. of the regions 410, 
420, etc. in the semiconductor thin film 175 of Figs. 5A-5H are somewhat smaller 

20 than the first and second portions in the regions of the semiconductor thin film 175 as 
shall be described herein below with reference to Figs. 1 1 A-l 1H and 12A-12F 
according to the third exemplary embodiment of the present invention. This is 
because the first and second portions of the semiconductor thin film 164 that are 
crystallized using the third exemplary embodiment of the process according to the 

25 present invention undergo lateral grain growth as provided in further detail below. 

As shown in Figs. 1 1 A and 12A, the masked beam pulse 164 patterned 
by the first top section X 1000 of the mask 150" so as to impinge and irradiate a first 
region 810 on the first conceptual column 205 of the semiconductor thin film sample 
170, while the masked beam pulse 164 patterned by the first bottom section X' 1030, 
30 the second top section Y 1 050, and the second bottom section Y' 1070 of the mask 
150" irradiate an area away from the edge 210' of the semiconductor thin film 170. 
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Therefore, as shown in Figs. 1 1 A and 12A, the first region 1110 of the semiconductor 
thin film is irradiated only by the beam pulse 164 masked by the first top section X 
1000 of the mask 150". As shown in Fig. 12A, the irradiated first region 1 1 10 is 
initially composed of irradiated first portions 1112 which are provided at a distance 
5 from one another, and substantially match the positions and orientations of the slits 
1010 of the first top section X 1000 of the mask 150". As with the first embodiment 
shown in Figs. 4A-4H and 5 A-5H, the irradiated first portions 1 1 12 of the first region 
1 1 10 are provided such that the portions between these irradiated first portions 1112 
can be irradiated with another beam pulse (e.g., a later-applied masked beam pulse). 

10 Thereafter, as shown in Figs. 1 IB and 12B, the sample 170 is 

continued to be translated in the -X direction relative to the masked beam pulse 164, 
and the beam pulse is masked by the first top section X 1000 and the first bottom 
section X' 1 020 of the mask 150" such that the first one-fourth portion of the beam 
pulse 164 (i.e., patterned by the first top section X 1000) irradiates a second region 

15 1 120 on the conceptual first column 205 of the semiconductor thin film 175, and the 
second one-fourth portion of the masked beam pulse 164 (i.e., patterned by the first 
bottom section X' 1020) irradiates the first region 1110. The second top and bottom 
one-fourth portions of the masked beam pulse 164 which are patterned by the second 
top section Y 1050 and the second bottom section Y' 1070 of the mask 150', 

20 respectively, is irradiated away from the semiconductor thin film 175 (i.e., outside of 
the edge 210'). First areas 1 122 of the second region 1 120 are irradiated and situated 
ma substantially the same manner as the first areas 1112 of the first region 1110. 

It should be noted that prior to the irradiation of the first region 1110 
by the second one-fourth portion of the masked beam pulse 164 which is patterned by 

25 the first bottom section X' 1020, the first portions 1 1 12 which were irradiated by the 
previous beam pulse (as shown in Fig. 12A) are allowed to solidify and crystallize. 
With respect to the irradiation of the first area 1 1 10 by the second one-fourth portion 
of the masked beam pulse 164 (i.e., patterned by the first bottom section X' 1020), 
this second one-fourth portion irradiates second portions 1 1 14 in the first region 1110 

30 such that the second irradiated portions 1 1 14 overlap an area of the first crystallized 
portions 1 1 12 ofthe first region 11 10. The second portions 1114 are preferably 
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provided at a vertical offset from the first crystallized portions 1 1 12 of the first region 
substantially corresponding to the offset 1040 between the slits 1010 of the first top 
section X 1000 and the slits 1030 of the first bottom section X" 1020. In this manner, 
the grains provided in the first crystallized portions 1 1 12 would likely grow into the 
5 second portions 1114 which overlap them upon cooling and crystallization thereof. In 
this manner, it is possible to increase the grains size in the first portions 1112 so that 
the grains therein grow into the second crystallizing portion. Such processing utilizes 
the principles of the sequentially lateral solidification ("SLS") techniques as described 
in further detail in the '535 application. In the preferred embodiment of the present 
10 invention, the grain growth is even further promoted is the intensity of the masked 
beam pulse 1 64 is high enough to at least partially melt the first and second portions 
1 1 12, 1 1 14 of the first region 1110 throughout their thickness. 

Thereafter, as shown in Figs. 1 1C and 12C, the sample 170 is 
continued to be translated in the -X direction relative to the masked beam pulse 164, 
15 and the beam pulse is masked by the first top and bottom sections 1000, 1020 and the 
second top and bottom sections 1050, 1070 of the mask 150" such that the first one- 
fourth portion of the beam pulse 164 (i.e., patterned by the first top section X 1000) 
irradiates a third region 1 130 on the first conceptual column 205 of the semiconductor 
thin film 175, the second one-fourth portion of the masked beam pulse 164 (i.e., 

20 patterned by the first bottom section X' 1020) irradiates the second region 1 120, and 
the third one-fourth portion of the masked beam pulse 164 (i.e., patterned by the 
second top section Y» 1050) irradiates the first region 1110. The fourth one-fourth 
portion of the masked beam pulse 164 which is patterned by the second bottom 
section Y' 1070 of the mask 150" is irradiated away from the semiconductor thin film 

25 175 (i.e., outside of the edge 210'). Thus, first areas 1 135 of the third region 1 130 are 
irradiated and situated in a substantially the same manner as the first areas 1 122 of the 
second region 1 120. It should again be noted that prior to the irradiation of the 
second region 1 120 by the second one-fourth portion of the masked beam pulse 164 
which is patterned by the first bottom section X' 1020, the first portions 1122 which 

30 were irradiated by the previous beam pulse (as shown in Fig. 12B) are allowed to 
solidify and crystallize, and then the second portions 1 124 overlap an area of the first 
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crystallized portions 1 1 22 of the second region 1 120, and the lateral growth of the , 
grains from the first portions 1 122 into the irradiated and crystallizing second portions 
1 124 in a substantially similar manner as described above with reference to the first 
and second portions 1 1 12, 1 1 14 of the first region 1110 of the semiconductor thin 
5 film 175. 

In addition, third portions 1 1 16 of the first region 1110 which were 
irradiated by the third one-third portion of the beam pulse 164 masked by the second 
top section Y 1 050 of the mask 1 50" are interposed between the first crystallized 
laterally-grown portions 1 1 12' (created due to the lateral growth of the grains from 
10 the first portions 1112 into the second irradiated portions 1114 which overlap the first 
portions 1 1 12). The third portions 1 1 16 are interposed between the first laterally- 
grown portions 1 1 12' of the first region 1110. 

Further, as shown in Figs. 1 ID and 12D, the sample 170 is continued 
to be translated in the -X direction relative to the masked beam pulse 164, and the 

15 beam pulse is patterned by the all sections 1000, 1020, 1050, 1070 of the mask 150" 
such that the first one-fourth portion of the beam pulse 164 (i.e., patterned by the first 
top section X 1000) irradiates a fourth region 1140 on the first conceptual column 205 
of the semiconductor thin film 175, the second one-fourth portion of the masked beam 
pulse 164 (i.e., patterned by the first bottom section X' 1020) irradiates the third 

20 region 1 1 30, the third one-fourth portion of the masked beam pulse 1 64 (i.e., 

patterned by the second top section Y 1050) irradiates the second region 1 120, and the 
fourth one-fourth portion of the masked beam pulse 164 (i.e., patterned by the second 
bottom section X' 1070) irradiates the first region 1 110. The first areas 1142 of the 
fourth region 1 140 are irradiated and situated in a substantially the same manner as 

25 the first areas 1 132 of the third region 1 130, and the third areas 1 126 of the second 
region 1 120 are irradiated and situated in a substantially the same manner as the third 
areas 1 1 16 of the first region 1 1 10. Similarly to the description of the lateral growth 
prompted by the overlapping of the second irradiated portion 1114 over the first 
crystallized portion 1 1 12 of the first region 1 1 10, the fourth one-fourth portion of the 

30 beam pulse 164 masked by the second bottom section Y* 1070 of the mask 1 50" 
irradiates fourth portions 1 1 1 8 in the first region 1110 such that the fourth irradiated 
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portions 1118 overlap an area of the third crystallized portions 1116 of the first region 
1110. The second portions 1 1 1 8 are preferably provided at a vertical offset from the 
first crystallized portions 1 1 16 of the first region 1110 substantially corresponding to 
the offset 1090 between the slits 1060 of the second top section Y 1050 and the slits 
5 1 080 of the second bottom section T 1070. In this manner, the grains provided in the 
third crystallized portions 1116 would likely grow into the fourth portions 1118 which 
overlap them upon cooling and crystallization thereof to form third crystallized 
laterally-grown portions 1116'. Figs. 1 IE and 12E illustrate that upon the translation 
of the sample 170 in the -X direction, and irradiating the first conceptual row 205 of 
1 0 the semiconductor thin film 175 by the fourth sequential masked beam pulse 164, the 
first region 1 1 10 has all portions thereof irradiated, laterally grown and crystallized. 

This procedure is repeated in the same manner for the entire first 
conceptual column 205 of the semiconductor thin film 175 until all regions thereof are 
irradiated and crystallized substantially in the same manner as provided above for 

15 with reference to the first region 810 of the semiconductor thin film 175, and as 
shown in Figs. 1 IF, 12F. The conceptual columns 206, 207,. .. can be irradiated, 
laterally-grown and crystallized in the same manner, except that when the sample is 
translated in the +X direction, the first one-fourth portion of the beam pulse 164 is 
masked by the second bottom section Y* 1070 of the mask 150", followed by the 

20 second one-fourth portion of the beam pulse masked by the second top section Y 1050 
of the mask 150", then followed by third one-fourth portion of the beam pulse 
masked by the first bottom section X 1020, and finally by the fourth one-fourth 
portion of the beam pulse masked by the first top section Y 1000 of the mask 150". 

It should be understood that for all exemplary embodiments of the 
25 process according to the present invention, the number of pulses irradiating and 
interposing irradiated arias between previously crystallized areas can be more than 
four such irradiations for the same regions of the semiconductor thin film 1 64 as 
described herein above. In addition, the lateral grain growth can be promoted by more 
than one portion offset from and overlapping the previously crystallized portions of 
30 the regions so as to promote a longer grain growth. Furthermore, it is possible to re- 
irradiate the portions of the previously irradiated portions by irradiating these already 
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crystallized areas with corresponding portions of later beam pulses. Indeed, the 
processes according to the present invention allow the previously crystallized portions 
of the regions of the semiconductor thin film 175 to be re-irradiated and re- 
crystallized. 

5 Fig. 10 shows a Fig. 13 is a top view of a fourth exemplary 

embodiment of the mask 1 50* according to the present invention which is divided a 
center region section CR, an east edge section E, a south edge section S, a west edge 
section W and a north edge section N. hi addition, at the corner edge portions thereof, 
the mask 150* includes a south east edge section SE, a south west edge section SW, a 

10 north west edge section NW and a north east edge section NE. The center region 
section CR includes a set of slits 1210 which can be provided substantially close to 
one another. The edge sections of the mask 150* each have their respective slits. 
While the illustration of the edge sections of the mask 150* provided in Fig. 13 may 
show one slit therein (or even no slits), its should be understood that the edge regions 

15 mat have more or less of the slits than shown in Fig. 13. In particular, the east edge 
section E has slits 1250, the south east edge section has at least one slit 1245, the 
south edge region S has slits 1240, the south west edge section SW may have no slits 
or at least one slit 1235, the west edge section W has slits 1230, the north west edge 
section NW includes at least one slit 1225, the north edge section N has slits 1220 and 

20 the north east edge section NE SW may have no slits or at least one slit 1255. each of 
the edge sections of the masked can have a width of approximately 1 mm, and the 
width and length of the center regions section CR can be 1 cm x 1 cm. Accordingly, 
the east, south, west and north edge sections can be sized 1 cm x 1 mm, while the 
comer edge sections may be sized 1 mm x 1 mm, 

25 The border sections of the mask 1 50* are provided such that respective 

set of beamlets being patterned thereby irradiate an edge area of a region of the 
semiconductor thin film 175 so that they are later interposed between the edge areas 
of this region such that this edge area is irradiated by the beamlets of another (e.g., 
next sequential) beam pulse masked by the same mask 150* as well as the adjacent 

30 region of such previously irradiated and now crystallized region. In this manner, the 
border areas of the neighboring regions irradiated by the beamlets of later beam 
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pulses are dispersed throughout that border areas between the adjacent regions of the 
semiconductor thin film 175. The details of such positioning and irradiation are 
provided below. 

Figs. 14A-14D show irradiations, by the radiation beam pulse which is 
5 masked by the mask 150* of Fig. 13 , and then re-solidifications and crystallizations 
of the particular portions of the semiconductor film provided on the sample at 
exemplary sequential stages of the processing according to the process of the present 
invention. As shown in Fig. 14A, the masked beam pulse 164 patterned by the center 
region section CR, as well as by the north and east edge sections N, E (and the comer 

10 north west edge section NE there between) of the mask 150* so as to impinge and 
irradiate a first region 1310 on the first conceptual column 205 of the semiconductor 
thin film sample 170. Therefore, as shown in Figs. 14A, the first region 1310 of the 
semiconductor thin film is irradiated only by the beamlets of the masked beam pulse 
164 corresponding to the slits 1210, 1220, 1250, 1255 of these center region section 

15 CR and edge sections of the mask 150*. The masked beam pulse 164 patterned by the 
south edge section S, the west edge section W, the south east edge section SE, the 
north west edge section NW and the south west edge section SW of the mask 150* 
irradiate an area away from the edge of the semiconductor thin film 170. As shown in 
Fig. 12A, the irradiated first region 1310 of the semiconductor thin film 164 is 

20 initially composed of irradiated first areas 1310', 1320', 1350', 1355' which have been 
irradiated and preferably completely (and at least partially) melted by the beamlets 
generated by the slits 1210, 1220, 1250, 1255 of the mask 150*. At the edge areas 
1320', 1355' and 1350' of the first region 1310, the irradiated portions are provided at 
a distance from one another, and substantially match the positions and orientations of 

25 the slits 1220, 1255 and 1250 of the mask 150*, respectively. The irradiated first 
portions in the areas 13320 1 , 1355', 1350 1 of the first region 1310 are provided such 
that the portions between these irradiated portions can be irradiated with another beam 
pulse (e.g., a later-applied masked beam pulse) in the unirradiated areas thereof so 
that the irradiation portions in these border regions by two distinct beam pulses can be 

30 dispersed throughout such border regions. 
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Thereafter, as shown in Fig. 14B, the sample 170 is continued to be 



10 



15 



20 



25 



translated in the -X direction relative to the masked beam pulse 164, and the beam 
pulse is masked again by the mask 150*. In the meantime, the irradiated portions of 
the first region 1310 solidify and crystallize. In this relative position of the sample 
170 with respect to the direction of the irradiation of the masked beam pulse 164, the 
masked beam pulse 1 64 irradiates a second region 1 320 on the first conceptual 
column 205 of the semiconductor thin film 175. The west border area of the second 
region 1320 overlaps the east border region VB1 of the first region 1310 composed of 
the areas 1350', 1355'. In particular, the beam pulse 164 is masked by the west edge 
section W and the north west edge section NW of the mask 150* such that the 
beamlets of the masked beam pulses 164 produced by such edge sections of the mask 
150* irradiate the unirradiated portions on the border region VB1 that are dispersed 
between the crystallized portions 1350', 1355* previously irradiated by the masked 
beam pulse 164 for the first region's 1310 irradiation and then crystallization. 
Similarly to the irradiation of the first regions 13 10, the portions of the masked beam 
pulse 164 intended for the second region 1320 patterned by the south edge section S, 
the south west edge section SW and the south east edge section SB of the mask 150* 
irradiate an area away from the edge of the semiconductor thin film 170 and do not 
irradiate any portion of the second region 1320. 

Thereafter, as shown in Fig. 14C, the sample 170 is continued to be 
translated in the -X direction relative to the masked beam pulse 164 to irradiate a 
third region 1330 of the semiconductor thin film 164 (which is adjacent to the second 
region 1320), and the beam pulse is masked by the mask 150* to generate the beamlet 
pattern which is substantially the same as the beamlet pattern generated during the 
irradiation of the second region 1320. Before the irradiation of the third region 1330, 
the irradiated portions of the second region 1320 solidify and crystallize. Thereafter, 
the masked beam pulse 164 irradiates the third region 1330 on the first conceptual 
column 205 of the semiconductor thin film 175. Similarly to the description above 
with reference to the irradiation of the border region VB1 of the first region 1310, the 
west border area of the third region 1330 overlaps the east border region VB2 of the 
second region 1320. Again, the beam pulse 164 is masked by the west edge section 
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W and the north west edge section NW of the mask 1 50* such that the beamlets of the 
masked beam pulses 164 produced by such edge sections of the mask 150* irradiate 
the unirradiated portions on the border region VB2 that are dispersed between the 
crystallized portions of the border region VB2 previously irradiated by the masked 
5 beam pulse for the second region's 1320 irradiation and then crystallization. Also, the 
portions of the masked beam pulse 164 intended for the third region 1330 patterned 
by the south edge section S, the south west edge section SW and the south east edge 
section SE of the mask 150* irradiate an area away from the edge of the 
semiconductor thin film 170, and do not irradiate any portion of the third region 1320. 

10 This processing continues until all regions 1310, 1320, 1330, 1390 

of the first conceptual column 206 are irradiated and crystallized in substantially the 
samemanner as provided above, with the border regions between such first, second, 
third, etc. regions 1310, 1320, 1330, 1390 (having crystallized portions that have 
been irradiated by separate and distinct masked beam pulses 1 64) being dispersed 

1 5 between one another. The conceptual columns 206, 207, ... can be irradiated, 

laterally-grown and crystallized in the same manner, except that when the sample is 
translated in the +X direction, the beamlets generated by the west edge section W of 
the mask 150* lead the irradiation of the regions of the second conceptual column 206 
before the irradiation by all beamlets patterned by the other sections of the mask 

20 150*. 

In particular, as shown in Fig. 14D, the first region 1410 of the second 
conceptual column 206 is irradiated to have the irradiated portions thereof 
substantially match the irradiated portions of the last region 1390 of the first 
conceptual column 205, but provided at an offset from such last region 1390 which 

25 approximately equals to slightly less than the distance between the first conceptual 
column 205 and the second conceptual column. In addition, the beamlets of the beam 
pulse 164 being patterned by the south edge section S and the south west edge section 
S W of the mask 1 50* irradiate the unirradiated portions on a north horizontal border 
region HB1 between the last region 1390 of the first conceptual column 205 that it has 

30 with the first region 1410 of the second conceptual column. The portions in this 
border region HB1 irradiated by the beamlets generated by the south edge section S 
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and the south west section SW of the mask 150* are dispersed between the 
crystallized portions of the horizontal border region HB1 that were previously 
irradiated by the beamlets generated by the north edge section N and the north west 
edge section NW of the mask 150* which are crystallized. This processing of the 
5 regions in the second conceptual column 206 is continued until the portions of all 
regions in this column 206 are irradiated and crystallized. The processing of the third 
conceptual column 207 and other conceptual columns continues until the processing 
of the entire semiconductor thin film 164 (or a selected portion thereof) is completed. 

As shown in Figs. 4A-4D, the border regions between the irradiated 
1 0 regions include portions of the crystallized portions therein which have been 
irradiated by separate and distinct beam pulses that are likely to have differing 
fluences. These irradiated and then crystallized portions are dispersed throughout the 
edge regions so as to have portions irradiated by one beam pulse interdisposed 
between the portions irradiated by another beam pulse. Also, turning back to Fig. 
15 14D, the portion in the north west comer of the last region 1390 of the first conceptual 
column 205 is irradiated four times. This is because the neighboring last and next to 
last regions 1380, 1390 of the first conceptual column 205 of the semiconductor thin 
film 164 each irradiate this area, and the first and second regions 1410, 1420 of the 
second conceptual column 206 irradiate this portion as well. This is due to the fact 
20 that this north west portion is provided on the vertical border VB8 and the horizontal 
border HB1. 

This fact is evident in Fig. 1 5 which illustrates that substantially all 
comer portions of the irradiated regions (i.e., irradiated by the respective corner 
sections of the mask 150*) are impinged by the respective beamlets at least four times 

25 during the processing of the semiconductor thin film 164. The edge areas irradiated 
by the beamlets patterned by the north, east, west and south edge sections N, E, W, S 
of the mask 150* are processed two times due such areas being either on the 
horizontal or vertical edge regions between the adjacent regions. The portions of the 
regions irradiated by the center region section of the mask 150* is irradiated once, 

30 since irradiation and crystallization of the center region does not need to be 

intermixed with the irradiation and crystallization of the neighboring regions. This is 



WO 2004/017382 



VCT/US2003/025972 



35 

because what is achieved by the exemplary embodiment of the present invention is 
that the contrast between the border regions (and not the center regions) is reduced by 
interleaving the areas irradiated by the separate and distinct beam pulse having 
differing fluence levels in these border regions. This is done by placing the TFT 

5 devices in such specifically arranged and interleaved areas in the border regions (as 
well as in the center areas of the regions) so that sharp contrast that may be generated 
by such TFT devices is reduced. In particular, the intensity distribution on the border 
regions varies in a preferably smooth and continuous manner so that there is no abrupt 
variation encountered between the adjacent regions. It should be understood that the 

0 portion of the regions irradiated by the portions of the beam pulse 164 masked by the 
center region section CR of the mask 150* can be reduced or even eliminated so as to 
smooth the transitions between the border regions without taking consideration of any 
such center region between the border regions. For example, the following 
irradiations of the regions irradiated by the beam pulse 164 patterned by the 

5 corresponding sections of the mask 150* upon the removal of such center region: 



and 



4 Irradiations 
(NW) 


4 Irradiations 
(NE) 


4 Irradiations 
(SW) 


4 Irradiations 
(SE) 




4 Irradiations 
(NW) 


4 Irradiations 
(NE) 


2 Irradiations 
(W) 


2 Irradiations 
(E) 


4 Irradiations 
(SW) 


4 Irradiations 
(SE) 
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Fig. 16 shows a flow diagram representing a first exemplary 
processing procedure of the present invention under at least a partial control of a 
computing arrangement of Fig. 1 A which uses the techniques of the present invention 
of Figs. 4A-4H, 5A-5H, 8A-8H, 1 1 A-l IF and 12A-12F. In step 2000, the hardware 
5 components of the system of Fig. 1 A, such as the beam source 1 10, the energy beam 
modulator 120, and the beam attenuator and shutter 130 are first initialized at least in 
part by the computing arrangement 100. The sample 170 is loaded onto the sample 
translation stage 180 in step 2005. It should be noted that such loading may be 
performed either manually or automatically using known sample loading apparatus 

1 0 under the control of the computing arrangement 1 00. Next, the sample translation 
stage 180 is moved, preferably under the control of the computing arrangement 100, 
to an initial position in step 2010. Various other optical components of the system are 
adjusted and/or aligned either manually or under the control of the computing 
arrangement 100 for a proper focus and alignment in step 2015, if necessary. In step 

15 2020, the irradiation/laser beam 1 1 1 is stabilized at a predetermined pulse energy 
level, pulse duration and repetition rate. In step 2024, it is preferably determined 
whether each beam pulse 1 64 has sufficient energy to folly melt the irradiated 
portions of the semiconductor thin film 175 without over-melting them. If that is not 
the case, the attenuation of the beam 111 is adjusted by the beams source 1 10 under 

20 the control of the computing arrangement 100 in step 2025, and step 2024 is executed 
again to determine if the there is sufficient energy to melt the portions of the 
semiconductor thin film. 

In step 2027, the sample 170 is positioned to point the beam pulse 164 
to impinge the first column of the semiconductor thin film. Then, in step 2030, the 

25 portions of the semiconductor thin film 175 are irradiated and at least partially melted 
using a masked intensity pattern (e.g., using the masks 150, 150', 150"). Thereafter, 
the irradiated portions of the semiconductor thin film 175 are allowed to solidify and 
crystallize. In step 2035, it is determined whether the irradiation for the current 
conceptual column by the beam pulse has been completed. If no, in step 2040, the 

30 next region of the same column of the sample 170 is irradiated with the beamlet 
pattern substantially corresponding to the beam pattern which was used to irradiate 
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the previous region. In addition, the previously irradiated and crystallized region of 
the semiconductor thin film 175 is irradiated using the current beam pulse 164 which 
has a pattern such that the beamlets of the current masked beam pulse irradiate the 
unirradiated portions within the previously processed region (either adjacent or 
5 otherwise). The newly irradiated portions in the previously processed region are 
interposed between the crystallized areas. 

However, if in step 2035, it is determined that the irradiation and 
crystallization of the current conceptual column is completed, then it is determined in 
step 2045 whether there are any further conceptual columns of the sample 170 to be 

10 processed. If so, the process continues to step 2050 in which the sample 170 is 

translated to that the beam pulse 164 is pointed to the next conceptual column to be 
processed according to the present invention. Otherwise, in step 2055, the exemplary 
processing has been completed for the sample 170, and the hardware components and 
the beam 1 1 1 of the system shown in Fig. 1 A can be shut off, and the process is 

1 5 terminated. In another variation of the embodiment of the process according to the 
present invention, the 

Fig. 17 shows a flow diagram representing a second exemplary 
processing procedure of the present invention under at least a partial control of a 
computing arrangement of Fig. 1A using the techniques of the present invention of 

20 Figs. 14A-14D in which the sections of the border areas of the adjacent irradiated 
regions are dispersed throughout such border regions. Steps 2100-2135 of this 
exemplary procedure are substantially the same as the steps 2000-2035 of the 
procedure of Fig. 16, and thus shall not be described herein in further detail. In step 
2140, the next region of the same column of the sample 170 is irradiated with the 

25 beamlet pattern that can substantially correspond to the beam pattern which was used 
to irradiate the previous region. In addition, the border region of the previously 
irradiated region is overlapped with the irradiations of the next pattern of beamlets of 
the subsequent beam pulse 164. This pattern is arranged such that the beamlets of the 
current masked beam pulse irradiate the unirradiated portions within the border area 

30 of the previously processed adjacent region. The newly irradiated portions in the 
previously processed region are interposed in the border regions of the previous and 
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adjacent regions, between the previously crystallized areas of the previously irradiated 
region the crystallized areas. According to this exemplary embodiment of the present 
invention, all borders of the adjacent regions are overlapped by the subsequent or 
other irradiations of the masked beam pulse 164. The processing of this second 
5 exemplary embodiment in steps 2145-2155 continues in substantially the same 
manner as the processing of steps 2045-2055 described above with reference to Fig, 
16. 

Furthermore, the irradiation of the regions of the semiconductor thin 
film 175 can be performed (e.g., initiated by the processor) when the beam pulses 164 
10 reach particular locations on the sample 170. These locations can be pre-assigned by 
the computing arrangement 100 and stored in the storage device thereof. Thus, the 
beam source 1 10 can be fired upon the sample 170 reaching these locations with 
respect to the beam pulses 164. 

The foregoing merely illustrates the principles of the invention. 

15 Various modifications and alterations to the described embodiments will be apparent 
to those skilled in the art in view of the teachings herein. For example, while the 
above embodiment has been described with respect to at least partial lateral 
solidification and crystallization of the semiconductor thin film, it may apply to other 
materials processing techniques, such as micro-machining, photo-ablation, and micro- 

20 patterning techniques, including those described in International patent application no. 
PCT/US01/12799 and U.S. patent application serial nos. 09/390,535, 09/390,537 and 
09/526,585, the entire disclosures of which are incorporated herein by reference. The 
various mask patterns and intensity beam patterns described in the above-referenced 
patent application can also be utilized with the process and system of the present 

25 invention. It will thus be appreciated that those skilled in the art will be able to devise 
numerous systems and methods which, although not explicitly shown or described 
herein, embody the principles of the invention and are thus within the spirit and scope 
of the present invention. 
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WhatTsnaimfiHTs- 

1 . A method for processing at least one section of a thin film sample on a 
substrate, comprising the steps of: 
5 (a) controlling an irradiation beam generator to emit successive irradiation 

beam pulses at a predetennined repetition rate; 

(b) masking each of the irradiation beam pulses to define a first plurality 
of beamlets and a second plurality of beamlets, the first and second plurality of 
beamlets of each of the irradiation pulses being provided for impinging the film 

10 sample and having an intensity which is sufficient to at least partially melt irradiated 
portions of the at least one section of the film sample; 

(c) irradiating a particular portion of the at least one section of the film 
sample with the first beamlets of a first pulse of the irradiated beam pulses to melt 
first areas of the particular portion, the first areas being at least partially melted, 

15 leaving first unirradiated regions between respective adjacent ones of the first areas 
and being allowed to resolidify and crystallize; and 

(d) after step (c), irradiating the particular portion with the second 
beamlets of a second pulse of the irradiated beam pulses to melt second areas of the 
particular portion, the second areas being at least partially melted, leaving second 

20 unirradiated regions between respective adjacent ones of the second areas and being 

allowed to resolidify and crystallize, 

wherein the first irradiated and re-solidified areas and the second irradiated 

and resolidified areas are intermingled with one another within the at least one section 

of the film sample, and 
15 wherein the first areas correspond to first pixels, and the second areas 

correspond to second pixels. 

2. The method according to claim 1, wherein respective positions of the first 
pixels are different than respective positions of the second pixels. 
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3. The method according to claim 1, wherein a location of at least one of the 
second areas is substantially the same as a location of at least one of the first 
unirradiated areas. 



5 4. The method according to claim 3, wherein the first unirradiated areas have 
substantially the same location as the second areas, and wherein the second 
unirradiated areas have substantially the same location as the first areas. 

5. The method according to claim 4, wherein the first and second resolidified 
10 areas form an entire cross-section of the at least one section of the film sample. 

6. The method according to claim 3, wherein the locations of the first and second 
areas are non-uniform. 

15 7. The method according to claim 1, wherein edges of the second irradiated and 
re-solidified areas are provided at a distance from the first re-solidified areas, 

8. The method according to claim 1, wherein the first beamlets have a first 
energy density, wherein the second beamlets have a second energy density, and 

20 wherein the first energy density is different from the second energy density. 

9, The method according to claim 1 , wherein the masked irradiation beam pulses 
further include a third plurality of beamlets which are provided for impinging the film 
sample and which have an intensity that is sufficient to at least partially melt 

25 irradiated portions of the at least one section of the film sample, and further 
comprising the step of: 

(e) after step (d), irradiating the particular portion with the third beamlets 
to melt third areas of the particular portion, the third areas being at least partially 
melted to leave third unirradiated regions between respective adjacent ones of the 

30 third areas and being allowed to resolidify and crystallize. 
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1 0. The method according to claim 9, wherein the third areas correspond to the 
third pixels, and wherein respective positions of the first and second pixels are 
different than respective positions of the third pixels. 

5 11. The method according to claim 9, wherein a location of at least one of the first 
and second areas is substantially the same as a location of at least one of the third 
unirradiated areas. 

12. The method according to claim 11, wherein the location of the first and second 
1 0 areas are different that the location of the third areas. 

13. The method according to claim 12, wherein at least one of the first and second 
unirradiated areas have substantially the same locations as the third areas, and 
wherein the third unirradiated areas have substantially the same locations as at least 

1 5 one of the first and second areas. 

14. The method according to claim 13, wherein the first, second and third 
resolidified areas form an entire cross-section of the at least one section of the film 
sample. 

20 

15. The method according to claim 9, wherein edges of the first and second re- 
solidified areas are provided at a distance from the third re-solidified areas. 

16. The method according to claim 9, wherein the first beamlets have a first 

25 energy density, wherein the second beamlets have a second energy density, wherein 
the third beamlets have a third energy density, and wherein the third energy density is 
different from at least one of the first energy density and the second energy density. 

17. The method according to claim 1, where the second beam pulse immediately 
30 follows the first beam pulse, wherein the first areas are irradiated with the first 

beamlets when the film sample is provided at a first position of with respect to the 
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irradiation beam pulses, wherein the second areas are irradiated with the second 
beamlets when the film sample is provided at a second position with respect to the 
irradiation beam pulses, the second position being closer to a center of the at least one 
section of the film sample than the second position. 



18. The method according to claim 1 7, further comprising the step of: 

(f) after step (c) and before step (d), translating the film sample relative to 
the irradiation beam pulses so that the impingement by the first beamlet of the film 
sample moves from the first position to the second position. 



19. The method according to claim 1, wherein, in step (c), the first areas are fully 
melted, and wherein in step (d), the second areas are fully melted throughout their 
entire thickness. 

1 5 20. The method according to claim 1 , further comprising the steps of: 

(g) translating the film sample so that the a further portion of the film 
sample is provided for irradiation by the first and second beamlets, the further portion 
being substantially adjacent to the particular portion of the film sample; and 

(h) repeating steps (c) and (d) on for the further portion of the film sample, 
20 wherein a first edge of the further portion of the film sample overlaps a second 

edge of the particular portion of the film sample, and 

wherein the re-solidified areas in the first edge of the further portion are 
intermingled with the re-solidified areas of the particular portion so as to prevent an 
overlap thereof. 



21. The method according to claim 1, wherein at least one of the first and second 
areas are configured to situate therein at least one thin-film transistor. 



5 



10 



25 



30 



22. A method for processing at least one section of a thin film sample on a 
substrate, comprising the steps of: 
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(a) controlling an irradiation beam generator to emit successive irradiation 
beam pulses at a predetermined repetition rate; 

(b) masking each of the irradiation beam pulses to define a plurality of 
beamlets, the plurality of beamlets of each of the irradiation pulses being provided for 

5 impinging the film sample and having an intensity which is sufficient to at least 
partially melt irradiated portions of the at least one section of the film sample; 

(c) at a first location of the film sample with respect to the irradiation 
beam pulses, irradiating a first portion of the at least one section of the film sample 
with the beamlets of a first pulse of the irradiated beam pulses to at least partially melt 

10 first areas of the at least one section, the first areas leaving first unirradiated regions 
between respective adjacent ones of the first areas on at least one first edge thereof, 
and being allowed to resolidify and crystallize; and 

(d) after step (c), translating the film sample from the first location to a 
second location with respect to the irradiation beam pulses; 

(e) after step (d) and at the second location, irradiating a second portion of 
the at least one section of the film sample with the beamlets of a second pulse of the 
irradiated beam pulses to at least partially melt second areas of the at least one 
section, the second areas leaving second unirradiated regions between respective 
adjacent ones of the second areas on at least one second edge thereof, and being 
allowed to resolidify and crystallize, 

wherein the at least one first edge of the first portion of the at least one section 
of the film sample is overlapped by the at least one second edge of the second portion 
of the at least one section of the film sample, and wherein the first re-solidified areas 
and the second re-solidified areas are intermingled with one another within the at least 
one first edge and the at least one second edge. 

23. The method according to claim 22, wherein the overlapping of the first and 
second resolidied areas collectively smooth a spatial distribution of a border between 
the first portion and the second portion of the at least one section of the film sample. 
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24. The method according to claim 23, wherein due to the border between the first 
and second portions being smoothed, a visible contrast between the first portion and 
the second portion of the at least one section of the film sample. 

25. The method according to claim 24, the combined densities of the at least one 
first edge and the at least one second edge provide an adequate pixel density at the 
border between the first and second portions of the at least one section of the film 
sample. 

26. The method according to claim 22, 

wherein, in step (e), the second areas further leave further unirradiated regions 
in the second portion between respective adjacent ones of the second areas on at least 
one further edge thereof, and being allowed to resolidify and crystallize, and 

wherein the at least one further edge is provided adjacent to the at least one 
second edge. 

27. The method according to claim 26, wherein the at least one section is a first 
row of the thin film sample, wherein the first row is irradiated by the beamlets of the 
first and second beam pulses when the film sample is translated in a first direction 
with respect to the first and second beam pulses, and further comprising the steps of: 

(f) positioning the film sample for irradiating a further section of the film 
sample, the further section being a second row of the film sample; and 

(g) at a third location of the film sample with respect to the irradiation 
beam pulses, irradiating a first portion of the further section of the film sample with 
the beamlets of a third pulse of the irradiated beam pulses to at least partially melt 
third areas of the further section, the third areas of the further section leaving third 
unirradiated regions between respective adjacent ones of the third areas on at least one 
third edge thereof, and being allowed to resolidify and crystallize, 

wherein the at least one further edge of the second portion of the at least one 
section of the film sample is overlapped by the at least one third edge of the second 
portion of the further section of the film sample, and wherein the further re-solidified 
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areas and the third re-solidified areas are intermingled with one another within the at 
least one further edge and the at least one third edge. 

28. The method according to claim 22, wherein, in step (c), the first areas include 
5 additional unirradiated regions between respective adj acent ones of the first areas 
which are away from the at least one edge, and further comprising the steps of 

(h) after step (c) and before step (d), irradiating the first portion of the at 
least one section of the film sample with further beamlets of the first pulse of the 
irradiated beam pulses to melt further areas of the first portion, the further areas being 
10 at least partially melted, leaving further unirradiated regions between respective 
adjacent ones of the further areas and being allowed to resolidify and crystallize, 
wherein the first re-solidified areas and the further re-solidified areas are 
intermingled with one another within the first portion of the film sample. 



15 29. The method according to claim 28, wherein a location of at least one of the 
further areas is substantially the same as a location of at least one of the additional 
unirradiated areas. 

30. The method according to claim 29, wherein the additional unirradiated areas 
20 have substantially the same location as the further areas, and wherein the further 

unirradiated areas have substantially the same location as the first areas. 

3 1 . The method according to claim 30, wherein the first and further resolidified 
areas form an entire cross-section of the first portion of the at least one section of the 

25 film sample. 

32. The method according to claim 22, wherein the at least one first edge and the 
at least one second edge are overlapped to form an edge area the entire surface of 
which is crystallized. 



30 
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33. A system for processing at least one section of a thin film sample on a 
substrate, comprising: 

a processing arrangement, which when executinjg a computer program, is 
configured to perform the following steps: 
5 (a) controlling an irradiation beam generator to emit successive irradiation 

beam pulses at a predetermined repetition rate; 

(b) masking each of the irradiation beam pulses to define a first plurality 
of beamlets and a second plurality of beamlets, the first and second 
plurality of beamlets of each of the irradiation pulses being provided 

10 .for impinging the film sample and having an intensity which is 

sufficient to at least partially melt irradiated portions of the at least one 
section of the film sample; 

(c) irradiating a particular portion of the at least one section of the film 
sample with the first beamlets of a first pulse of the irradiated beam 

15 pulses to melt first areas of the particular portion, the first areas being 

at least partially melted, leaving first unirradiated regions between 
respective adjacent ones of the first areas and being allowed to 
resolidify and crystallize; and 

(d) after step (c), irradiating the particular portion with the second 

20 beamlets of a second pulse of the irradiated beam pulses to melt second 

areas of the particular portion, the second areas being at least partially 
melted, leaving second unirradiated regions between respective 
adjacent ones of the second areas and being allowed to resolidify and 
crystallize, 

25 wherein the first re-solidified areas and the second re-solidified areas are 

intermingled with one another within the at least one section of the film sample, and 

wherein the first areas correspond to first pixels, and the second areas 
correspond to second pixels. 

34. The system according to claim 33, wherein respective positions of the first 
30 pixels are different than respective positions of the second pixels. 
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35. The system according to claim 33, wherein a location of at least one of the 
second areas is substantially the same as a location of at least one of the first 
unirradiated areas. 

5 36. The system according to claim 35, wherein the first unirradiated areas have 
substantially the same location as the second areas, and wherein the second 
unirradiated areas have substantially the same location as the first areas. 

37. The system according to claim 35, wherein the first and second resolidified 
10 areas form an entire cross-section of the at least one section of the film sample, 

38. The system according to claim 35, wherein the locations of the first and 
second areas are non-uniform. 

15 39. The system according to claim 33, wherein edges of the second re-solidified 
areas are provided at a distance from the first re-solidified areas. 

40. The system according to claim 33, wherein the first beamlets have a first 
energy density, wherein the second beamlets have a second energy density, and 

20 wherein the first energy density is different from the second energy density. 

41 . The system according to claim 33, wherein the masked irradiation beam pulses 
further include a third plurality of beamlets which are provided for impinging the film 
sample and which have an intensity that is sufficient to at least partially melt 

25 irradiated portions of the at least one section of the film sample, and wherein the 

processing arrangement, when executing the computer program, is further configured 
to perform the step of: 

(e) after step (d), irradiating the particular portion with the third beamlets 
to melt third areas of the particular portion, the third areas being at 
30 least partially melted leaving third unirradiated regions between 
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respective adjacent ones of the third areas and being allowed to 
resolidify and crystallize. 

42. The system according to claim 41, wherein the third areas correspond to the 
5 third pixels, and wherein respective positions of the first and second pixels are 

different than respective positions of the third pixels. 

43 . The system according to claim 41 , wherein a location of at least one of the 
first and second areas is substantially the same as a location of at least one of the third 

10 unirradiated areas. 

44. The system according to claim 43, wherein the location of the first and second 
areas are different that the location of the third areas. 

15 45. The system according to claim 44, wherein at least one of the first and second 
unirradiated areas have substantially the same locations as the third areas, and 
wherein the third unirradiated areas have substantially the same locations as at least 
one of the first and second areas. 

20 46. The system according to claim 45, wherein the first, second and third 

resolidified areas form an entire cross-section of the at least one section of the film 
sample. 

47. The system according to claim 41, wherein edges of the first and second re- 
25 solidified areas are provided at a distance from the third re-solidified areas. 

48. The system according to claim 41 , wherein the first beamlets have a first 
energy density, wherein the second beamlets have a second energy density, wherein 
the third beamlets have a third energy density, and wherein the third energy density is 

30 different from at least one of the first energy density and the second energy density. 
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49. The system according to claim 33, where the second beam pulse immediately 
follows the first beam pulse, wherein the first areas are irradiated with the first 
beamlets when the film sample is provided at a first position of with respect to the 
irradiation beam pulses, wherein the second areas are irradiated with the second 

5 beamlets when the film sample is provided at a second position with respect to the 
irradiation beam pulses, the second position being closer to a center of the at least one 
section of the film sample than the second position. 

50. The system according to claim 49, wherein the processing arrangement, when 
10 executing the computer program, is further configured to perform the step of: 

(f) after step (c) and before step (d), translating the film sample relative to 
the irradiation beam pulses so that the impingement by the first 
beamlet of the film sample moves from the first position to the second 
position. 

15 

5 1 . The system according to claim 33, wherein, in step (c), the first areas are fiiUy 
melted throughout their entire thickness, and wherein in step (d), the second areas are 
fully melted throughout their entire thickness. 

20 52. The system according to claim 33, wherein the processing arrangement, when 
executing the computer program, is further configured to perform the steps of: 

(g) translating the film sample so that the a further portion of the film 
sample is provided for irradiation by the first and second beamlets, the 
further portion being substantially adjacent to the particular portion of 

25 the film sample; and 

(h) repeating steps (c) and (d) on for the further portion of the film sample, 
wherein a first edge of the further portion of the film sample overlaps a second 

edge of the particular portion of the film sample, and 

wherein the re-solidified areas in the first edge of the further portion are 
30 intermingled with the re-solidified areas of the particular portion so as to prevent an 
overlap thereof 
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53. A system for processing at least one section of a thin film sample on a 
substrate, comprising: 

a processing arrangement, which when executing a computer program, is 
5 configured to perform the following steps: 

(a) controlling an irradiation beam generator to emit successive irradiation 
beam pulses at a predetermined repetition rate; 

(b) masking each of the irradiation beam pulses to define a plurality of 
beamlets, the plurality of beamlets of each of the irradiation pulses 

1 0 being provided for impinging the film sample and having an intensity 

which is sufficient to at least partially melt irradiated portions of the at 
least one section of the film sample; 

(c) at a first location of the film sample with respect to the irradiation 
beam pulses, irradiating a first portion of the at least one section of the 

1 5 film sample with the beamlets of a first pulse of the irradiated beam 

pulses to at least partially melt first areas of the at least one section, the 
first areas leaving first unirradiated regions between respective 
adjacent ones of the first areas on at least one first edge thereof, and 
being allowed to resolidify and crystallize; 

20 (d) after step (c), translating the film sample from the first location to a 

second location with respect to the irradiation beam pulses; and 
(e) after step (d) and at the second location, irradiating a second portion of 
the at least one section of the film sample with the beamlets of a 
second pulse of the irradiated beam pulses to at least partially melt 

25 second areas of the at least one section, the second areas leaving 

second unirradiated regions between respective adjacent ones of the 
second areas on at least one second edge thereof, and being allowed to 
resolidify and crystallize, 
wherein the at least one first edge of the first portion of the at least one section 

30 of the film sample is overlapped by the at least one second edge of the second portion 
of the at least one section of the film sample, and wherein the first re-solidified areas 
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and the second re-solidified areas are intermingled with one another within the at least 
one first edge and the at least one second edge. 

54. The system according to claim 53, wherein the overlapping of the first and 

5 second resolidied areas collectively smooth a spatial distribution of a bonier between 
the first portion and the second portion of the at least one section of the film sample. 

55. The system according to claim 54, wherein due to the border between the first 
and second portions being smoothed, a visible contrast between the first portion and 

1 0 the second portion of the at least one section of the film sample. 

56. The system according to claim 55, wherein the combined densities of the at 
least one first edge and the at least one second edge provide an adequate pixel density 
at the border between the first and second portions of the at least one section of the 

15 film sample. 

57. The system according to claim 53, 

wherein, in step (e), the second areas further leave further unirradiated regions in the 
second portion between respective adjacent ones of the second areas on at least one 
20 further edge thereof, and being allowed to resolidify and crystallize, and 

wherein the at least one further edge is provided adjacent to the at least one 
second edge. 

58. The system according to claim 57, wherein the at least one section is a first 
25 row of the thin film sample, wherein the first row is irradiated by the beamlets of the 

first and second beam pulses when the film sample is translated in a first direction 
with respect to the first and second beam pulses, wherein the processing arrangement, 
when executing the computer program, is further configured to perform the steps of: 
(f) positioning the film sample for irradiating a further section of the film 
30 sample, the further section being a second row of the film sample; and 
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(g) at a third location of the film sample with respect to the irradiation 
beam pulses, irradiating a first portion of the further section of the film 
sample with the beamlets of a third pulse of the irradiated beam pulses 
to at least partially melt third areas of the further section, the third 
areas of the further section leaving third unirradiated regions between 
respective adjacent ones of the third areas on at least one third edge 
thereof, and being allowed to resolidify and crystallize, 

wherein the at least one further edge of the second portion of the at least one 
section of the film sample is overlapped by the at least one third edge of the second 
portion of the further section of the film sample, and 

wherein the further re-solidified areas and the third re-solidified areas are 
intermingled with one another within the at least one further edge and the at least one 
third edge. 

59. The system according to claim 53, wherein, in step (c), the first areas include 
additional unirradiated regions between respective adjacent ones of the first areas 
which are away from the at least one edge, wherein the processing arrangement, when 
executing the computer program, is further configured to perform the step of: 

(h) after step (c) and before step (d), irradiating the first portion of the at 



least one section of the film sample with further beamlets of the first 
pulse of the irradiated beam pulses to melt further areas of the first 
portion, the further areas being at least partially melted, leaving further 
unirradiated regions between respective adjacent ones of the further 
areas and being allowed to resolidify and crystallize, and 
wherein the first re-solidified areas and the further re-solidified areas are 
intermingled with one another within the first portion of the film sample. 



30 



60. The system according to claim 59, wherein a location of at least one of the 
further areas is substantially the same as a location of at least one of the additional 
unirradiated areas. 
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61 . The system according to claim 60, wherein the additional unirradiated areas 
have substantially the same location as the further areas, and wherein the further 
unirradiated areas have substantially the same location as the first areas. 

62. The system according to claim 61, wherein the first and further resolidified 
areas form an entire cross-section of the first portion of the at least one section of the 
film sample. 

63. The system according to claim 53, wherein the at least one first edge and the at 
least one second edge are overlapped to form an edge area the entire surface of which 
is crystallized. 

64. A method for processing at least one section of a thin film sample on a 
substrate, comprising the steps of: 

(a) controlling an irradiation beam generator to emit successive irradiation 
beam pulses at a predetermined repetition rate; 

(b) masking each of the irradiation beam pulses to define a first plurality 
of beamlets and a second plurality of beamlets, the first and second plurality of 
beamlets of each of the irradiation pulses being provided for impinging the film 
sample and having an intensity which is sufficient to at least partially melt irradiated 
portions of the at least one section of the film sample; 

(c) irradiating a particular portion of the at least one section of the film 
sample with the first beamlets of a first pulse of the irradiated beam pulses to melt and 
crystallize first areas of the particular portion; and 

(d) after step (c), irradiating the particular portion with the second 
beamlets of a second pulse of the irradiated beam pulses to melt and crystallize 
second areas of the particular portion, 

wherein the first irradiated areas and the second irradiated areas are 
mtermingled with one another within the at least one section of the film sample, 

wherein a pulse irradiation history of the first irradiated areas is different than 
a pulse history of the second irradiated areas, and 
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wherein the first areas correspond to first pixels, and the second areas 
correspond to second pixels. 



65. A method for processing at least one section of a thin film sample on a 
5 substrate, comprising the steps of: 

(a) controlling an irradiation beam generator to emit successive irradiation 
beam pulses at a predetermined repetition rate; 

(b) masking each of the irradiation beam pulses to define a plurality of 
beamlets, the plurality of beamlets of each of the irradiation pulses being provided for 

1 0 impinging the film sample and having an intensity which is sufficient to at least 
partially melt irradiated portions of the at least one section of the film sample; 

(c) at a first location of the film sample with respect to the irradiation 
beam pulses, irradiating a first portion of the at least one section of the film sample 
with the beamlets of a first pulse of the irradiated beam pulses to at least partially melt 

15 and crystallize first areas of the at least one section; and 

(d) after step (c), translating the film sample from the first location to a 
second location with respect to the irradiation beam pulses; 

(e) after step (d) and at the second location, irradiating a second portion of 
the at least one section of the film sample with the beamlets of a second pulse of the 

20 irradiated beam pulses to at least partially melt and crystallize second areas of the at 
least one section, 

wherein the at least one first edge of the first portion of the at least one section 
of the film sample is overlapped by the at least one second edge of the second portion 
of the at least one section of the film sample, 
25 wherein a pulse irradiation history of the first irradiated areas is different than 

a pulse history of the second irradiated areas, and 

wherein the first irradiated areas and the second irradiated areas are 
intermingled with one another within the at least one first edge and the at least one 
second edge. 
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(57) Abstract: A process and system are provided for processing at least one section of each of a plurality of semiconductor film 
samples. In these process and system, the irradiation beam source is controlled to emit successive irradiation beam pulses at a prede- 
termined repetition rate. Using such emitted beam pulses, at least one section of one of the semiconductor film samples is irradiated 
using a first sequential lateral solidification ("SLS") technique and/or a first uniform small grained material ("UGS") techniques to 
process the such sections) of the first sample. Upon the completion of the processing of this section of the first sample, the beam 
pulses are redirected to impinge at least one section of a second sample of the semiconductor film samples. Then, using the redirected 
beam pulses, such sections) of the second sample are irradiated using a second SLS technique and/or a second UGS technique to 
process the at least one section of the second sample. The first and second techniques can be different from one another or substan- 
tially the same. 
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SYSTEM AND PROCESS FOR PROCESSING A PLURALITY OF 
SEMICONDUCTOR THIN FILMS WHICH ARE CRYSTA LLIZE D USING 
SEQUENTIAL LATERAL SOLIDIFICATION TECHNIQUES 

SPECIFICATION 



5 FIELD OF THE INVENTION 

The present invention relates to a system and process for processing a 
plurality of semiconductor thin films (such as silicon thin films) using a pulse energy 
beam. In particular, one exemplary embodiment of the system and process utilizes a 
pulsed beam in conjunction with a sequential lateral solidification ("SLS") technique 
10 to irradiate at least two semiconductor thin films, without stopping the emission of 
energy the pulsed beam. Another exemplary embodiment of the system and process 
also uses a pulsed beam to irradiate sections of the film such that the areas that have 
been irradiated and resolidified which have small-grains therein do not overlap one 
another, and can be used to place therein thin film transistor ("TFT") devices, 

15 BACKGROUND INFORMATION 

Semiconductor films, such as silicon films, are known to be used for 
providing pixels for liquid crystal display devices. Such films have previously been 
processed (i.e., irradiated by an excimer laser and then crystallized) via excimer laser 
annealing ("ELA") techniques. However, the semiconductor films processed using 

20 such known ELA methods often suffer from microstructural non-uniformities such as 
edge effects, which manifest themselves in availing a non-uniform performance of 
thin-film transistor ("TFT") devices fabricated on such films. In addition, it may take 
approximately 200 second to 600 seconds to completely process the semiconductor 
film sample using the ELA techniques, without even taking into consideration the 

25 time it takes to load and unload such sample. 

Other more advantageous processes and systems for processing the 
semiconductor thin films for use in the liquid crystal displays and organic light 
emitting diode displays for fabricating large grained single crystal or polycrystalline 
silicon thin films using sequential lateral solidification ("SLS") techniques have been 
30 described. For example, U.S. Patent Nos. 6,322,625 and 6,368,945 issued to Dr. 
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James Im, and U.S. patent application serial nos. 09/390,535 and 09/390,537, the 
entire disclosures of which are incorporated herein by reference, and which are 
assigned to the common assignee of the present application, describe such SLS 
systems and processes. These patent documents describe certain techniques in which 
5 one or more areas on the semiconductor thin film are, e.g., sequentially irradiated. 
One of the benefits of these SLS techniques is that the semiconductor film sample 
and/or sections thereof can be processed (e.g., crystallized) much faster that it would 
take for the processing the semiconductor film by the conventional ELA techniques. 
Typically, the processing/crystallization time of the semiconductor film sample * 
10 depends on the type of the substrates, as well as other factors. For example, it is 
possible to completely process/crystallize the semiconductor film using the SLS 
techniques in approximately 50 to 100 seconds not considering the loading and 
unloading times of such samples. 

In order to uniformly process the semiconductor films, it is important 
15 for the beam pulse to be stable. Thus, to achieve the optimal stability, it is preferable 
to pulse or fire the beam constantly, i.e., without stopping the pulsing of the beam. 
Such stability may be reduced or compromised when the pulsed beams are turned off 
or shut down, and then restarted. However, when the semiconductor sample is loaded 
and/or unloaded from a stage, the pulsed beam would be turned off, and then turned 
20 back on when the semiconductor sample to be processed was positioned at the 
designated location on the stage. The time for loading and unloading is generally 
referred to as a "transfer time." The transfer time for unloading the processed sample 
from the stage, and then loading another to-be-processed sample on the stage is 
generally the same when for the ELA techniques and the SLS techniques. Such 
.25 transfer time can be between 50 and 100 seconds. 

In addition, the costs associated with processing semiconductor 
samples are generally correlated with the number of pulses emitted by the beam 
source. In this manner, a "price per shot/pulse" is established. If the beam source is 
not shut down (i.e., still emit the beam pulses) when the next semiconductor sample is 
30 loaded unto the stage, or unloaded from the stage, the number of such irradiations by 
the beam source when the sample is not being irradiated by the beam pulse and 
corresponding time therefor is also taken into consideration for determining the price 
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per shot. For example, when utilizing the SLS techniques, the time of the irradiation, 
solidification and crystallization of the semiconductor sample is relatively short as 
compared to the sample processing time using the ELA techniques. In such case, 
approximately half of the beam pulses are not directed at the sample since such 
5 samples are being either loaded into the stage or unloaded from the stage. Therefore, 
the beam pulses that are not impinging the samples are wasted. 

Another exemplary technique for processing semiconductor thin film 
has been developed. In particular, such system and process can produce generally 
uniform areas on the substrate films such that the TFT devices can be situated in such 
10 areas. For example, portions of the irradiated film are irradiated, then nucleated 
(based on the threshold behavior of the beam pulse), and then solidified, such that 
upon re-solidification, the nucleated area becomes a region with uniform small 
grained material (to be referred to herein below as the "UGS techniques"). Thus, such 
UGS techniques are different from the SLS techniques in that for the SLS-techniques, 

15 the nucleated areas are avoided, while for the UGS techniques, the nucleated areas are 
utilized for placing the TFT devices therein. Indeed, using the UGS technique, there 
can be significant time savings since each irradiated area of the semiconductor thin 
film is irradiated once, without the need to re-irradiate a substantial portion thereof, 
while still providing a good uniform material therein. Many of these UGS techniques 

20 are described in U.S. Patent Application Serial Nos. 60/405,084, 60/405,083 and 
60/405,085, and International Applications PCT/US03/25946, PCT/US03/25972 and 
PCT/US03/25954, the entire disclosures of which are incorporated herein by 
reference. 

Accordingly, it is preferable to reduce the price per shot, without 
25 • stopping the emission of the beam pulses. It is also preferable to be able to process 
two or more semiconductor samples, without the need to stop or delay the emission of 
the pulsed beam by the beam source until the samples are loaded on the respective 
stages. 
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SUMMARY OF THE TNVENTION 

To achieve at least some of these objects, various systems and process 
according to the present invention are described below which can be utilized to, e.g., 
sequentially process a semiconductor (e.g., silicon) thin film sample (i.e., by 
5 irradiating and melting thin film of the sample, and allowing melted portions thereof 
to solidify and crystallize) on one stage, while unloading a previously-processed 
sample from anotherstage, and then loading an unprocessed sample thereon, without 
the need to shut down a pulsed beam. The exemplary embodiments of the systems 
and process for processing the samples in this manner shall be described in further 
10 detail below. However, it should be understood that the present invention is in no 
way limited to the exemplary embodiments of the systems and processes described 
herein. 

One such exemplary embodiment of the process and system according 
to the present invention is provided for processing at least one section of each of a 
15 plurality of semiconductor film samples. With these process and system, the 

irradiation beam source can be controlled to emit successive irradiation beam pulses 
at a predetermined repetition rate. Using such emitted beam pulses, at least one 
section of one of the semiconductor film samples may be irradiated using at least one 
first sequential lateral solidification ("SLS") technique and/or at least one first 
uniform small grained material ("UGS") technique so as to process such sections) of 
the first sample. Upon the completion of the processing of the section® of the first 
sample, the beam pulses can be redirected to impinge at least one section of a second 
sample of the semiconductor film samples. Then, using the redirected beam pulses, 
such sections) of the second sample is irradiated using at least one second SLS 
technique and/or at least one second UGS technique to process the sections) of the 
second sample. The first and second SLS and/or UGS techniques can be different 
from one another, or may be substantially the same. 



20 



25 



30 



According to another exemplary embodiment of the present invention, 
the second sample can be is an unprocessed sample. The first sample can be loaded on 
a stage of a first chamber, and the second sample may be loaded on a stage of the 
second chamber. In addition, during the irradiation of the first sample, a third sample 
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of the film samples that was previously irradiated and processed using the first 
SLS/UGS technique(s) and/or the second SLSAJGS technique(s) can be unloaded 
from the stage of the second chamber. Then, the second sample may be loaded unto 
the stage of the second chamber. 

5 In yet another exemplary embodiment of the present invention, during 

the irradiation of the second sample, the first sample can be unloaded from the stage 
of the first chamber. Thereafter and during the irradiation of the second sample, a 
fourth unprocessed sample of the film samples may be loaded unto the stage of the 
first chamber. Upon the completion of the loading of the fourth sample, the beam 
1 0 pulse may again be redirected to impinge the section(s) of the fourth sample. After 
such redirection, such section(s) of the fourth sample can be irradiated using the first 
SLS/UGS technique(s) and/or the second SLS/UGS technique(s) so as to process the 
section(s) of the fourth sample. 

According to still another exemplary embodiment of the present 
1 5 invention, the beam pulses can be redirected using a beam redirecting arrangement 
which may include a beam reflection device. Further, if is determined that the second 
sample has not been successfully loaded unto the stage of the second chamber, the 
irradiation of the second sample can be prevented or delayed until the second sample 
is successfully loaded unto the stage of the second chamber. If it is determined that 
20 the entire section(s) of the first sample was/were not successfully processed, the 
irradiation of the second sample can be prevented or delayed until the processing of 
all of the section(s) of the first sample has/have been successfully processed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention and its 
25 advantages, reference is now made to the following description, taken in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is a schematic block diagram of an exemplary embodiment of a 
sequential-lateral solidification ("SLS") and/or uniform small grained material 
("UGS") processing system according to the present invention which processes 
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semiconductor samples, sequentially, in two or more chambers using a beam directing 
arrangement; 

Fig. 2 is a detailed illustration of an exemplary embodiment of one or 
more chambers shown in Fig. 1; 

5 Fig. 3 is a detailed illustration of an exemplary embodiment of the 

beam directing arrangement of Fig. 1 ; 

Fig. 4 is a top-level flow diagram of an exemplary embodiment of a 
process according to the present invention for sequentially SLS-processing or UGS- 
processing two or more samples, each being provided in its respective chamber; and 

10 Fig. 5 is a detailed flow diagram of an exemplary embodiment of the 

process according to the present invention in which one sample on one stage is being 
processed, while previously SLS-processed or UGS-processed sample is removed 
from another stage and an unprocessed sample is loaded thereon. 

DETAILED DESCRIPTION 

15 Certain systems and processes for providing continuous motion SLS 

are described in U.S. Patent Nos. 6,322,625 and 6,368,945 and U.S. patent application 
serial nos. 09/390,535 and 09/390,537. In addition, systems and processes for 
providing uniform small grained materials ("UGS") techniques are described in U.S. 
Patent Application Serial Nos. 60/405,084, 60/405,083 and 60/405,085, and 

20 International Applications PCT/US03/25946, PCT/US 03/25 972 and 

PCT/US03/25954. Exemplary systems and processed according to the present 
invention can employ principles and components thereof to sequentially process a thin 
film of each of two or more semiconductor samples In particular, the system and 
process according to the present invention can be used to process two or more 

25 samples (provided on distinct stages). Each of the sample has an amorphous silicon 
thin film provided thereon. 

In particular, as shown in Fig. 1, an exemplary embodiment of the 
system according to the present invention may include a beam source 110 (e.g., a 
Lambda Physik model LPX-3 1 51 XeCl pulsed excimer laser) emitting a pulsed 
30 irradiation beam (e.g., a laser beam), a controllable beam energy density modulator 



WO 2004/075263 - PCT/US2004/004929 



120 for modifying the energy density of the irradiation beam, and aMcroLas two 
plate variable attenuator 130 (e.g., from MicroLas). It should be understood by those 
skilled in the art that instead of the beam source 110 (e.g., the pulsed excimer laser), it 
is possible to use a pulsed solid state laser, a chopped continuous wave laser, a pulsed 
5 electron beam and a pulsed ion beam, etc. Typically, the radiation beam pulses 1 1 1 
generated by the beam source 1 10 provide a beam intensity in the range of 10 mJ/cm 2 
to 1 J/cm 2 , a pulse duration (FWHM) in the range of 10 to 300 nsec, and a pulse 
repetition rate in the range of 10 Hz to 300 Hz. The modulated beam pulses 135 
exiting a beam attenuator and shutter 130 can be provided to a beam directing 
1 0 arrangement 200, which further directs die pulsed beam either to a first chamber 210 
or to a second chamber 220. Exemplary details of such chambers 210, 220 shall be 
described below in further detail, with reference to Fig. 2. 

Each of the first and second chambers 210, 220 is configured to be able 
to load therein the semiconductor sample prior to me thin film (or portion thereof) of 

1 5 such sample being irradiated and melted by the pulsed beam, solidified and then 

crystallized using one or more sequential lateral solidification ("SLS") and/or uniform 
small grained materials ("UGS") techniques. In addition, upon the completion of such 
processing of the semiconductor sample, each of these chambers 210, 220 can be 
configured to remove the SLS/UGS-processed sample therefrom, and load another 

20 unprocessed sample after the previously SLS-processed sample is removed. 

The exemplary embodiment of the system illustrated in Fig. 1 also 
includes a processing arrangement 1 00 (e.g., a computer which includes a 
microprocessor executing instructions thereon, such as those implemented by 
software stored on its storage device or which is provided remotely therefrom). This 

25 processing arrangement 1 00 is communicably coupled to the beam source 1 10, the 
energy density modulator 120, and the beam attenuator and shutter 130. In this 
manner, the processing arrangement 100 can control the rate of the pulse of the beam 
being emitted by the beam source 1 10. The processing arrangement 100 can also 
control the repetition of the pulsed beam, as well as its modulation and attenuation 

30 (e.g., using arrangements 120, 130). 
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The processing arrangement 100 is further communicably coupled to 
the beam directing arrangement 200, the first chamber 210 and the second chamber 
220. Such coupling by the processing arrangement 100 to first chamber 210 and the 
second chamber 220 provides information to the processing arrangement regarding 
whether the entire sample in the respective chamber has been completely crystallized 
using the particular SLS and/or UGS technique, if the previously processed sample 
has been unloaded from the chamber, and if the unprocessed sample has been loaded 
into such chamber. In addition, the processing arrangement 100 can control the 
loading and unloading of the sample into the chambers 210, 220. 

With such information, the processing arrangement 100 can control the 
beam directing arrangement 200 to selectively direct the pulsed beam 135 toward the 
first chamber 210 or the second chamber, depending on the information obtained by 
the processing arrangements 100 from these chambers 210, 220. The details of the 
control by the processing arrangement 100 of the beam directing arrangement 200 
15 based on such information shaU be described m further detail below. 

In exemplary operation of the system and process according to the 
present invention, the SLS and/or UGS processing of the sample in the first chamber 
210 can be performed under the control of the processing arrangement 100 such that 
the pulsed beam 135 is provided by the beam directing arrangement 200 to the first 
20 chamber 210 so as to irradiate and crystallize the semiconductor sample therein. 
During such SLS-processing of the sample in the first chamber 210, the previously 
SLS-processed sample situated in the second chamber 220 is unloaded also under the 
control and direction of the processing arrangement 100, and a different, previously- 
unprocessed sample is loaded into this second chamber 220. 

25 U P° n foe completion of the SLS and/or UGS processing of the sample 

in the first chamber 210, the processing arrangement 100 determines if the new 
unprocessed sample has been properly loaded into the second chamber 220 (e.g., unto 
a stage thereof). If that is the case, the processing arrangement 100 controls the beam 
directing arrangement 200 to direct the pulsed beam 135 toward the second chamber 

30 220 so as to SLS-process and/or UGS-process the new sample that has been loaded 
into the second chamber 220. When the SLS-processing of this sample in the second 
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chamber 220 is commenced, the processing arrangement 100 controls the first 
chamber 210 (e.g., a stage thereof) to unload the SLS/UGS-processed sample 
therefrom, and then load another yet-unprocessed semiconductor sample into the first 
chamber 210. In this manner, while one sample is being processed in one chamber, 
5 another unprocessed sample is loaded to a further chamber to be SLS/UGS-processed 
immediately or shortly thereafter. 

As described above, this exemplary procedure is effectuated, without 
shutting down the beam source 1 1 0, by re-directing the beam from the previously 
irradiated chamber to another chamber which has loaded therein the unprocessed 

1 0 sample so as to subsequently SLS/UGS-process such sample. This exemplary 

procedure continues until it is determined (either by the processing arrangement 100 
and/or manually by an operator of the system) that the intended samples have been 
SLS/UGS-processed. At that time, the beam source 1 10 is shut down, and the 
loading/unloading of the samples in the first and second chambers 210, 220 can be 

15 stopped. 

In this manner, the pulsed beam 135 is operated until all intended 
samples have been SLS-processed, without being shut down between the processing 
of the subsequent samples. Therefore, due to the fact the pulsed beam is not shut 
down by the beam source 1 10, such beam can be pulsed or shot continuously, and its 

20 stability would not be compromised. In addition, the loading and unloading time 
within of one chamber can be used to process a further semiconductor sample in 
another chamber so as to continuously process the samples in the chambers, and thus 
the price-per-shot achieved with these system and process of the present invention 
may be significantly smaller that the price-per-shot effectuated by the conventional 

25 systems. 

Fig. 2 shows a detailed illustration of an exemplary embodiment of at 
least one of the chambers 210, 220 that are provided in Fig. 1. In particular, the 
exemplary chamber of Fig. 2 includes beam steering mirrors 140, 143, 147, 160 and 
162, beam expanding and collimating lenses 141 and 142, a beam homogenizer 144, a 
30 condenser lens 145, a field lens 148, a projection mask 150 which maybe mounted in 
a translating stage (not shown), a 4x-6x eye piece 161, a controllable shutter 152, a 
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multi-element 4x - 6* objective lens 163 for focusing a radiation beam pulse 164 
onto the sample 1 70 having the semiconductor thin film to be processed mounted on a 
sample translation stage 180, and a granite block optical bench 190 supported on a 
vibration isolation and self-leveling system 191, 192, 193 and 194. The pulsed beam 
5 135 is forwarded toward the chamber and to the beam steering mirror 140 by the 
beam directing arrangement 200 

The computing arrangement 100 is communieably coupled to and the 
sample translation stage 180. As described in U.S. Patent Nos. 6,322,625 and 
6,368,945, the sample translation stage 180 is preferably controlled by the processing 

10 arrangement 100 to effectuate translations of the sample 170 in the planar X-Y 

directions, as well as in the Z direction. In this manner, the processing arrangement 
100 can control the relative position of the sample 170 with respect to the irradiation 
beam pulse 164 directed at the respective sample 170. In addition, the processing 
.arrangement 100 can control the loading of the sample 170 to the translation stage 

15 180, and unloading thereof from the translation stage 180, in the manner described 
herein above, and as shall further be described below. 

Fig. 3 shows a detailed illustration of an exemplary embodiment of the 
beam directing arrangement 200 of Fig. 1. In particular, the beam directing 
arrangement 200 is designed so as to selectively direct the pulsed beam 135 toward a 
particular chamber, e.g., pursuant to the instructions of the processing arrangement 
100. As described above, upon the completion of the SLS-processing of the sample 
170 in the first chamber210, the processing arrangement 100 may configure the beam 
directing arrangement 200 to direct the pulsed beam to the second chamber 220 so as 
to SLS-process the newly-loaded and previously unirradiated sample 170 that is 
25 provided on the translation stage 1 80 of the second chamber 220. 

This can be accomplished by providing a beam reflecting member 250 
(e.g., a mirror) in the beam directing arrangement 200 so that it would be able to 
selective control the path of the pulsed beam 135 (based on the instructions of the 
processing arrangement 100) toward the first chamber 210 or the second chamber 
30 220. It should be understood by those skilled in me art that, either in addition or 

instead of the beam reflecting member 250, it is also possible to use other mechanical 
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components in the beam directing arrangement 200 to selectively direct the pulsed 
beam in the manner discussed above. 

Fig. 4 shows a top-level flow diagram of an exemplary embodiment of 
a process according to the present invention for sequentially SLS-processing and/or 
5 UGS-processing two or more samples, with each sample being provided in the 

respective chamber. In step 1000, the hardware components of the system of Fig. 1, 
such as the beam source 1 10, the energy beam modulator 120, and the beam 
attenuator and shutter 130 are first initialized at least in part by the processing 
arrangement 100. The sample 170 is loaded onto the sample translation stage 180 of 

10 the first chamber in step 1005. It should be noted that such loading may be performed 
either manually or automatically using known sample loading apparatuses under the 
control of the processing arrangement 100. Next, the sample translation stage 180 of 
the first chamber 210 can be moved, preferably under the control of the computing 
arrangement 100, to an initial position in step 1010. Various other optical 

15 components of one or more of the chambers 210, 220 may be adjusted and/or aligned 
either manually or under the control of the processing arrangement 100 for a proper 
focus and alignment in step 1015, if necessary, hi step 1020, the irradiation beam 1 1 1 
can be stabilized at a predetermined pulse energy level, pulse duration and repetition 
rate. 

20 Then, in step 1027, the entire sample 170 that is provided on the stage 

180 of the first chamber 210 is irradiated according to one or more of the SLS- 
techniques and/or UGS-techniques described in the publications listed above until 
such sample is completely processed. Then, in step 1030, the processing arrangement 
100 determines if the next unprocessed sample is available in the second chamber 

25 220. In particular, it is determined if the next unprocessed sample 170 has been 
loaded into the translation stage 180 of the second chamber 220. If that is not the 
case, then the exemplary process according to the present invention waits until the 
sample 170 is loaded unto the stage 1 80 of the second chamber 220. Otherwise, in 
step 1035, the unprocessed sample 170 arranged on the translation stage 180 of the 

30 second chamber 220 is irradiated according to one or more of the SLS/UGS- 
techniques until it is completely processed. 
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Then, in step 1 040, it is determined whether there are any further 
samples to be SLS-processed and/or UGS-processed. If so, in step 1045, the pulsed 
beam is directed to process another unprocessed sample that is loaded unto the 
translation stage 180 of the first chamber 210 (from which the previously SLS/UGS- 
5 processed sample has been unloaded), and the process according to the present 
invention returns to step 1030 for processing such unprocessed sample 170 that is 
provided in the first chamber 210, as described above. If, in step 1040, it is 
determined that there are no more samples to be processed, and the hardware 
components and the beam 1 1 1 of the system shown in Fig. 1 can be shut off in step 
10 1050, and this process may be terminated. 

Fig. 5 shows a detailed flow diagram of an exemplary embodiment of 
step 1035 of the process according to the present invention in which the sample 170 
provided on one translation stage 170 of a particular chamber (e.g., the second 
chamber 220) is being SLS/UGS-processed, while previously SLS-processed sample 
15 170 is unloaded from the translation stage 180 of another chamber (e.g., the first 

chamber 210), and an unprocessed sample is loaded thereon. In particular, while the 
sample 170 (provided in the second chamber 220) is being irradiated to be completely 
SLS/UGS-processed in step 2010, the previously SLS/UGS-processed sample 170 of 
the first chamber 210 is unloaded from this chamber 210 (step 2020), and then 
another unprocessed sample 170 is loaded unto the translation stage 180 of the first 
chamber 210 (step 2030). Step 2010 is preferably performed contemporaneously (or 
at least in the same time period) as steps 2020 and 2030. 

Thereafter, it is determined, in step 2040, whether the SLS/UGS- 
processing of the sample 170 provided in the second chamber 220 being irradiated in 
step 2010 has been completed. If not, the process according to the present invention 
(preferably under the control of the processing arrangement 100) waits until the 
processing of such sample 170 is completed in the second chamber 220. Otherwise, it 
is determined, in step 2050, whether the new unprocessed sample 170 is loaded onto 
the translation stage 180 of the first chamber 210. If such unprocessed sample 170 
has not yet been loaded, the pulsed beam is provided away from the completely 
SLS/UGS-processed sample 170 that is arranged in the second chamber 220 with the 
aid of the beam directing arrangement 200, and under the control of the processing 
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arrangement 100. This is performed without the need to shut down the heam source 
110, thus not compromising the stability of the pulsed beam 135, 164. If it is . 
determined that the unprocessed sample 170 has been loaded onto the translation 
stage 1 80 of the first chamber 210, the process according to the present invention 
5 continues to step 1040, directs the pulsed beam (using the beam directing arrangement 
200 under the control of the processing arrangement 100) to irradiate and completely 
SLS-process the unprocessed sample 170 loaded onto the stage 180 of the first 
chamber 210. 

It is to be understood that while the invention has been described in 
10 conjunction with the detailed description hereof, the foregoing description is intended 
to illustrate and not limit the scope of the invention. Other aspects, advantages, and 
modifications are within the scope of the present invention. In particular, other 
exemplary embodiments of the system and process according to the present invention 
can process the samples provided in more than two chambers. For such 
15 embodiments, the processing arrangement 100 may control the beam directing 

arrangement to selectively direct the pulsed beam 135 to each of these chambers when 
new unprocessed samples are loaded therein. 

The foregoing merely illustrates the principles of the invention. 
Various modifications and alterations to the described embodiments will be apparent 

20 to those skilled in the art in view of the teachings herein. For example, while the 
above embodiment has been described with respect to at least partial lateral 
solidification and crystallization of the semiconductor thin film, it may apply to other 
materials processing techniques, such as micro-machining, photo-ablation, and micro- 
patterning techniques, including those described in International patent application no. 

25 PCT/US01/12799 and U.S. patent application serial nos. 09/390,535, 09/390,537 and 
09/526,585, the entire disclosures of which are incorporated herein by reference. The 
various mask patterns and intensity beam patterns described in the above-referenced 
patent application can also be utilized with the process and system of the present 
invention. It will thus be appreciated that those skilled in the art will be able to devise 

50 numerous systems and methods which, although not explicitly shown or described 
herein, embody the principles of the invention and are thus within the spirit and scope 
of the present invention. 
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WHAT IS CLA1MRD TS - 

1 . A process for processing at least one section of each of a plurality of 
semiconductor film samples, comprising the steps of: 
5 (a) controlling an irradiation beam source to emit successive irradiation 

beam pulses at a predetermined repetition rate; 

(b) using the emitted beam pulses, irradiating the at least one section of a 
first sample of the semiconductor film samples using at least one of a first sequential 
lateral solidification ("SLS") technique and a first uniform small grained material 

1 0 ("UGS") technique to process the at least one section of the first sample; 

(c) upon the completion of step (b), redirecting the beam pulses to impinge 
the at least one section of a second sample of the semiconductor film samples; and 

(d) using the redirected beam pulses, irradiating the at least one section of 
the second sample using at least one of a second SLS technique and second UGS 

1 5 techniques to process the at least one section of the second sample, the first and 

second techniques being one of different from one another and substantially the same. 

2. The process according to claim 1, wherein the second sample is an 

unprocessed sample, wherein, in step (b), the first sample is loaded on a stage of a 

20 first chamber, wherein, in step (d), the second sample is provided on a stage of the 
second chamber. 

3. The process according to claim 2, further comprising the steps of: 

(e) during step (b), unloading a third sample of the film samples 
25 previously irradiated and processed using at least one of the first and second 

techniques from the stage of the second chamber; and 

(f) during step (b), after step (e) and before step (d), loading the second sample 
unto the stage of the second chamber. 

30 4. The process according to claim 3, further comprising the steps of: 

(g) during step (d), unloading the first sample from the stage of the first 
chamber; and 
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(h) during step (d) and alter step (g), loading a fourth unprocessed sample 
of the film samples unto the stage of the first chamber. 

5. The process according to claim 4, further comprising the steps of: 

(i) upon the completion of step (h), redirecting the beam pulses to impinge 
the at least one section of the fourth sample; and 

0') after step (i) and using the redirected beam pulses, irradiating the at 
least one section of the fourth sample using at least one of the first and second 
techniques to process the at least one section of the fourth sample. 

6. The process according to claim 1 , wherein the beam pulses are redirected in 
step (c) using a beam redirecting arrangement which includes a beam reflection 
device. 



15 7. The process according to claim 3, further comprising the steps of: 

(k) deterrniningifthe second sample successfully loaded unto the stage of 
the second chamber, and 

(1) if step (k) produces an unsuccessful determination, preventing the 
irradiation of the second sample in step (d) until step (k) produces a successful result. 

20 

8. The process according to claim 1, further comprising the steps of: 

(m) determining if all of the at least one section of the first sample was 
successfully processed in step (b); and 

(n) if step (m) produces an unsuccessful determination, preventing the 
25 irradiation of the second sample in step (d) until step (k) produces a successful result 

9. A system for processing at least one section of each of a plurality of 
semiconductor film samples, comprising: 

a processing arrangement which, when executing a set of instruction, is 
30 operable to: 

(a) control an irradiation beam source to emit successive irradiation beam 
pulses at a predetermined repetition rate, 
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(b) using the emitted beam pulses, direct the beam pulse to irradiate the at 
least one section of a first sample of the semiconductor film samples 
using at least one of a first sequential lateral solidification ("SLS") 
technique and a first uniform small grained materials("UGS") 

5 technique to process the at least one section of the first sample, 

(c) upon the completion of the processing of the at least one section of the 
first sample, effect a redirection of the beam pulses to impinge the at 
least one section of a second sample of the semiconductor film 
samples, and 

10 (d) direct the redirected beam pulse to irradiate the at least one section of 

the second sample using at least one of a second SLS technique and a 
second UGS technique to process the at least one section of the second 
sample, the first and second techniques being one of different from one 
another and substantially the same. 

15 

10. The system according to claim 9, wherein the second sample is an 
unprocessed sample, wherein the processing arrangement is operable to load the first 
sample on a stage of a first chamber, wherein the processing arrangement is operable 
to load the second sample on a stage of the second chamber. 

20 

11. The system according to claim 10, wherein the processing arrangement is 
further operable to: 

(e) during the irradiation of the first sample, effect an unloading of a third 
sample of the film samples previously irradiated and processed using at 

25 least one of the first and second techniques from the stage of the 

second chamber, and 

(f) during the irradiation of the first sample and after the unloading of the 
second sample, effect a loading of the second sample unto the stage of 
the second chamber. 

30 

12. The system according to claim 1 1, wherein, the processing arrangement is 
further operable to: 
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(g) 



during the irradiation of the second sample, effecting the unloading the 
first sample from the stage of the first chamber, and 



00 



during the irradiation of the second sample and after the unloading of 
the first sample, effect a loading of a fourth unprocessed sample of the 
film samples unto the stage of the first chamber. 



13. The system according to claim 12, wherein the processing arrangement is 
further operable to: 

(i) upon the completion of the loading of the fourth sample, effecting a 
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redirection of the beam pulse to impinge the at least one section of the 
fourth sample, and 

(j) after redirecting the beam pulses to impinge the at least one section of 
the fourth sample, directing the redirected beam pulses to irradiate the 
at least one section of the fourth sample using at least one of the first 
and second techniques to process the at least one section of the fourth 
sample. 

14. The system according to claim 9, wherein the processing arrangement is 
operable to redirect the beam pulses a beam redirecting arrangement which includes a 
beam reflection device. 

15. The system according to claim 11, wherein the processing arrangement is 
further operable to; 

(k) determine if the second sample successfully loaded unto the stage of 

the second chamber, and 
(1) if item (k) produces an unsuccessful determination, prevent the 



irradiation of the second sample in until the second sample is 
successfully loaded unto the stage of the second chamber. 



30 



16. The system according to claim 9, wherein the processing arrangement is 
further operable to: 
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(m) determine if all of the at least one section of the first sample was 
successfully processed; and 

(n) if item (m) produces an unsuccessful detennination, preventing the 
irradiation of the second sample until the processing of all of the at 
least one section of the first sample has been successfully processed. 
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Crystallization Processi ng of Semiconductor Film Region s 
on a Substrate, and Devi ces Made Therewith 

Technical Field 

The invention relates to semiconductor 
materials processing for semiconductor integrated 
devices . 

Backgrou nd of the Invention 

Semiconductor devices can be made in a layer or film 
of silicon on a quartz or glass substrate, for example. 
This technology is in use in the manufacture of image 
sensors and active-matrix liquid-crystal display (AMLCD) 
devices. In the latter, in a regular array of thin-film 
transistors (TFT) on an appropriate transparent 
substrate, each transistor serves as a pixel controller. 
In commercially available AMLCD devices, the thin-film 
transistors are formed in hydrogehated amorphous silicon 
films (a-Si:H TFTs) . 

In the interest of enhanced switching 
characteristics of TFTs, polycrystalline silicon has been 
used instead of amorphous silicon. A polycrystalline 
structure can be obtained by excimer- laser 
crystallization (ELC) of a deposited amorphous or 
microcrystalline silicon film, for example. 

However, with randomly crystallized poly- 
silicon, the results remain unsatisfactory. For small- 
grained poly-silicon, device performance is hampered by 
the large number of high-angle grain boundaries, e.g., in 
the active-channel region of a TFT. Large-grained poly- 
silicon is superior in this respect, but significant 
grain-structure irregularities in one TFT as compared 
with another then result in non-uniformity of device 
characteristics in a TFT array. 
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Summary of the Invention 

For improved device characteristics and device 
uniformity, a lateral solidif ication technique is applied 
to a semiconductor film on a substrate. The technique, 
5 which may be termed artificially controlled super-lateral 
qrowth (ACSLG) , involves irradiating a portion of the 
film with a suitable radiation pulse, e.g. a laser beam 
pulse, locally to melt the film completely through its 
entire thickness. When the molten semiconductor material 

10 solidifies, a crystalline structure grows from a 

preselected portion of the film which did not undergo 
complete melting. 

In a preferred first embodiment of the 
technique, an irradiated structure includes a substrate- 

15 supported first semiconductor film, a heat-resistant film 
on the first semiconductor film, and a second 
semiconductor film on the heat-resistant film. In this 
embodiment, both front and back sides of the structure 
are irradiated with a pulse. 

20 In a preferred second embodiment, lateral 

solidification is from a first region via a constricted 
second region to a third region which is intended as a 
device region. One-sided irradiation is used in this 
embodiment, in combination with area heating through the 

25 substrate. 

In a preferred third embodiment, a beam is 
pulsed repeatedly in forming an extended single-crystal 
region as a result of laterally stepping a radiation 
pattern for repeated melting and solidification. 
3° Advantageously, the technique can be used in 

the manufacture of high-speed liquid crystal display 
devices, wherein pixel controllers or/and driver 
circuitry are made in single-crystal or regular/quasi- 
regular polycrystalline films, other applications 
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include image sensors, static random-access memories 
(SRAM) , silicon-on-insulator (SOI) devices, and three- 
dimensional integrated circuit devices. 

Brief Description of the Drawings 

Fig. 1 is a schematic representation of a 
projection irradiation system as can be used for the 
first embodiment of the technique. 

Fig. 2 is a schematic, greatly enlarged side 
view of a sample structure for the first embodiment. 

Figs. 3A and 3B are schematic, greatly enlarged 
top views of TFT device microstructures which can be made 
in semiconductor material of the first embodiment. 

Fig. 4 is a schematic representation of an 
irradiation system as can be used for the second 
embodiment of the technique. 

Fig. 5 is a schematic, greatly enlarged side 
view of a sample structure for the second embodiment. 

Figs. 6A-6D are schematic top views of the 
sample structure of Fig. 5 at sequential stages of 
processing. 

Fig. 7 ia a schematic representation of an 
irradiation system as can be used for the third 
embodiment. 

Fig. 8 is a schematic, greatly enlarged side 
view of a sample structure for the third embodiment. 

Figs. 9A-9F are schematic top views of a sample 
structure with side view as in Fig. 8 at sequential 
stages in a first version of a first variant of 
processing. 

Figs. 10A-10F are schematic top views of a 
sample structure with side view as in Fig. 8 at 
sequential stages in a second version of the first 
variant of processing. 
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Figs. 11A-11C are schematic top views of a 
sample structure at sequential stages of a second variant 
of processing. 

Fig. 12 is a schematic top view of a liquid- 
5 crystal display device in which TFTs are included. 

Detailed Description of Preferred Embodiments 



experimentally realized examples, as well as certain 
variations thereof. Explicitly or implicitly, some 

10 variations are common to more than one of the 

embodiments, and further variations, within the scope of 
the claims, will be apparent to those skilled in the art. 
Included, e.g., is the use of semiconductor materials 
other than silicon, such as germanium, silicon-germanium, 

15 gallium arsenide or indium phosphide, for example. 

Included also is the use of a substrate of any suitable 
material, e.g., silicon, quartz, glass or plastic, 
subject to considerations of stability, inertness and 
heat resistance under processing conditions. And 

20 included is the use of a radiation beam other than a 
laser beam, e.g., an electron or ion beam. 

First Embodiment 

The projection irradiation system of Fig. l 
includes an excimer laser 11, mirrors 12, a beam 
25 splitter 13, a variable-f ocus field lens 14, a patterned 
projection mask 15, a two-element imaging lens 16, a 
sample stage 17, a variable attenuator 18 and a focusing 
lens 19. With this system, simultaneous radiation pulses 
can be applied to the front and back sides of a sample 10 
30 on the stage 17. 



"dual-layer" (DL) sample structure was prepared as shown 



Described in the following are specific, 



For the first embodiment of the technique, a 
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10 



in Fig. 2, including a transparent substrate 20, a first 
amorphous silicon film 21, an Si0 2 film 22, and a second 
amorphous silicon film 23. Film thicknesses were 
100 nanometers for the amorphous silicon films and 
500 nanometers for the Sio 2 film. Alternative heat- 
resistant materials such as, e.g., silicon nitride or a 
high-temperature glass may be used for the film 22. 

With pattern projection onto the second or top 
silicon film 23 and broad-beam irradiation of the first 
or bottom silicon film 21, the first silicon film 21 can 
be regarded as a sacrificial layer which is included 
favorably to affect the thermal environment for maximized 
lateral crystal growth in the top silicon film 23. The 
roles of these films is reversed if, alternatively, the 
15 pattern is projected through the substrate onto the first 
film. In the pattern-irradiated film, large, laterally 
solidified grains will be formed, making the processed 
film well-suited for TFTs, for example. 

Structures in accordance with Fig. 2 were 
20 prepared by sequential low-pressure chemical vapor 

deposition (LPCVD) of a-si, Si0 2 , and again a-si on a 
quartz substrate. Other suitable deposition methods, for 
producing amorphous or microcrystalline deposits, include 
plasma-enhanced chemical vapor deposition (PECVD) , 
25 evaporation or sputtering, for example. 

Samples were placed onto the stage 17 of the 
projection irradiation system of Fig. l. The mask 15 had 
a pattern of simple stripes 50 micrometers wide, with 
various separation distances from 10 to 100 micrometers. 
30 The nask pattern was projected onto the samples 

with different reduction factors in the range from 3 
to 6. The back-side energy density was controlled by the 
variable attenuator 18. Samples were irradiated at room 
temperature with a 30-nanosecond XeCl excimer laser pulse 
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having a wavelength of 308 nanometers, quartz being 
transparent at this wavelength. Such a laser is 
commercially available under the designation LambdaPhysik 
Compex 301. For a glass substrate, a longer wavelength 
5 would have been required, e.g., 348 nanometers. 

Irradiation was with fixed front-side energy 
density and with various back-side energy densities. 
Estimated front-side energy density was approximately 
1.0 J/cm 2 at the sample plane. The back-side energy 

10 densities were in the range from 170 to 680 mJ/cra 2 . 

For examination subsequent to irradiation, the 
films were thoroughly defect-etched using Secco etchant 
and examined using scanning electron microscopy (SEM) . 
The largest, most uniform grains were obtained at a back- 

15 side energy density of 510 mJ/cm 2 . These grains grew 

laterally from the two sides of stripe regions, forming 
two rows of grains with a well-defined grain boundary at 
the center line of the stripe. 

Even if the resulting individual crystals may 

20 not be large enough to accommodate the entire active- 
channel region of a TFT, they form a regular or quasi- 
regular polycrystalline structure which can serve as 
active-channel region of a TFT, e.g., as illustrated in 
Fig. 3A or Fig. 3B. Shown are a source electrode 31, a 

25 drain electrode 32, a gate electrode 33 and an active- 
channel region 34. In Fig. 3A, the active-channel region 
includes both rows of grains produced as described above. 
With grains sufficiently large as in Fig. 3B, the active- 
channel region can be formed by a single row of grains. 

30 In processing according to the first 

embodiment, the role of the sacrificial bottom film 21 
may be understood as being that of a heat susceptor which 
stores energy when heated by the beam, the greatest 
benefit being obtained when this film melts. The stored 
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heat is released during solidification. This decreases 
the degree to which the top film 23 loses heat by 
conduction. Accordingly, for maximum benefit, care is 
called for in proper dimensioning of the irradiated 
structure. If the Si0 2 film 22 is too thin, the thermal 
evolution of the silicon films 21 and 23 will tend to 
track together, without significant benefit from the 
inclusion of the film 21. On the other hand, if the 
film 22 is too thick with respect to the thermal 
diffusion length of the physical process, the film 21 
will have insufficient influence on the transformation in 
the top film. 23. As to the bottom film 21, its thickness 
should be chosen for this film to have sufficient thermal 
mass. But the thicker the film 21, the more energy will 
be required for its melting. 

As alternatives to projection of a pattern onto 
the silicon layer 23, a desired pattern may be defined 
there by a proximity mask, a contact mask, or a deposited 
mask layer which is patterned photo-lithographically , for 
example . 

In one variant of masking, a mask layer may 
serve to reduce heating in the area beneath the mask, 
e.g., by absorbing or reflecting incident radiation. 
Alternatively, with a suitable mask material of suitable 
thickness, a complementary, anti-reflection effect can be 
realized to couple additional energy into the 
semiconductor film beneath the mask material. For 
example, an Si0 2 film can be used to this effect on a 
silicon film. This variant is advantageous further in 
that the mask layer can serve as a restraint on the 
molten semiconductor material, thus preventing the molten 
semiconductor layer from agglomerating or deforming under 
surface tension. 
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Second Embodiment 

The irradiation system of Fig. 4 includes an 
excimer laser 41, a prism deflector 42, a focusing 
lens 43, a vacuum chamber 44 and a hot stage 45 on which 
5 a sample 40 is disposed. 

For the second embodiment of the technique and 
using the irradiation system of Fig. 4, the sample 
structure of Fig. 5 includes a substrate 50, a thermal 
oxide film 51, a first patterned amorphous silicon 

10 film 52, an Si0 2 film 53, a second patterned silicon 

film 54, and a further deposited Sio 2 film 55. Typical 
thicknesses are 100 nanometers for the thermal oxide 
film 51, 100 nanometers for the a-Si film 52, 210 
nanometers for the Sio 2 film 53, 120 nanometers for the 

15 a-Si film 54, and 170 nanometers for the Si0 2 film 55. 

Such a sample structure was prepared by 
depositing the amorphous silicon film 52 by low-pressure 
chemical vapor deposition (LPCVD) onto the thermal oxide 
film 51 on a silicon wafer 50. The silicon film 52 was 

20 coated with a photoresist which was then exposed in a 
stepper and developed, and the silicon film 52 was 
react ively ion-etched in SF 6 /o 2 plasma for patterning. 
The resulting pattern of a "first-level island" of the 
silicon film 52 is shown in Fig. 6A as viewed from the 

25 top. The pattern consists of three parts: a square 

"main-island" region 523 which is intended for eventual 
device use, a rectangular "tail" region 521, and a narrow 
"bottleneck" region 522 connecting the tail region 521 
with the main-island region 523. Dimensions were chosen 

30 as follows: 20 by 10 micrometers for the tail 

region 521, 5 by 3 micrometers for the bottleneck 
region 522, and different dimensions in the range from 10 
by 10 to 50 by 50 -micrometers for the main-island 
region 521. 
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The first-level islands were encapsulated with 
the Si0 2 film 53 by plasma-enhanced chemical-vapor 
deposition (PECVD) , and amorphous silicon was deposited 
on top. Photolithographic processing was used again, for 
patterning the amorphous silicon film as a "second- level 
island" 54 dimensioned 5 by 5 micrometers. The second- 
level island 54 is positioned directly above the tail 
region 521 to serve as a beam blocker during irradiation. 
Last, the entire structure was encapsulated with PECVD 
Si0 2 . 

For processing, a sample was placed on a 
resistively heated graphite hot stage inside a vacuum 
chamber at a pressure of 10" 5 torr. Vacuum-processing can 
be dispensed with if a suitable alternative heater is 
available. Heating was to a substrate temperature 
of 1000 to 1200 "C, which required a ramp-up time 
interval of about three minutes. Before irradiation, the 
sample was held at the final substrate temperature for 
approximately two minutes. The sample temperature was 
monitored occasionally by a directly attached 
thermocouple and continuously by a digital infrared 
thermometer. The sample was irradiated with a single 
excimer-laser pulse at energy densities that were 
sufficiently high to completely melt all of the first- 
level island except for the beam-blocked area within the 
tail region. 

For analysis of the microstructure, the 
irradiated samples were Secco-etched. For samples 
irradiated at a substrate temperature of 1150 °c, optical 
Nomarski micrographs of the Secco-etched samples showed 
complete conversion of islands 20 by 20, 4 0 by 40 and 50 
by 50 micrometers into single-crystal islands (SCI) . 
Defect patterns in the etched samples suggest that the 
main-island zones contain low-angle sub-boundaries 
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similar to those observed in zone melting 
recrystallization (ZMR), as well as planar defects which 
have been identified in SLG studies. At a lower 
substrate temperature, such as at 1100 °C, only the 
5 smaller, 20-by-20 micrometer islands were converted into 
single-crystal islands free of high-angle grain 
boundaries. And at still-lower substrate temperatures 
of 1050 °C and 1000 «C, high-angle grain boundaries 
appeared even in the 20 by 20 micrometer islands. 

10 The solidification seguence in this second 

embodiment may be understood with reference to Figs. 6B- 
6D as follows: Upon irradiation, the second-level 
sguare 54 blocks most of the beam energy incident on the 
area, which prevents complete melting in the beam-blocked 

15 area of the tail region 521. The rest of the exposed 
first level regions melts completely as illustrated by 
Fig. 6B. As the film is conductively cooled through the 
substrate, the liguid-solid interface at the beam-blocked 
region undercools, and silicon grains 61 start to grow 

20 radially outward from the beam-blocked region. Within 
the tail region 521 , many of the grains 61 are quickly 
occluded, and only one or a few favorably located grains 
grow toward the bottleneck 522. The bottleneck 522 is 
configured such that just one of these grains expands 

25 through the bottleneck 522 into the main-island 

region 523. If the substrate temperature is high enough 
and the main island 523 is small enough to prevent 
nucleation in the super-cooled liguid, lateral growth of 
the one grain that grew through the bottleneck 522 

30 converts the entire main island 523 into a single-crystal 
region. 

Thus, successful conversion of the main-island 
region 523 into single-crystal form requires a suitable 
combination of substrate temperature and island si2e. 
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The molten silicon must be sustained at a temperature 
which is sufficiently high for the characteristic time of 
nucleation for a specific volume to be much longer than 
the characteristic time required for the complete 
conversion by lateral solidification. Since the 
characteristic conversion time depends mainly on the 
distance to be converted, i.e., the lateral dimension of 
the main island, the island size must be related to the 
substrate temperature such that the characteristic 
conversion time is commensurate with the average lateral 
growth distance that can be achieved before any 
nucleation is triggered within the liquid. As compared 
with zone-melting recrystallization, the present 
technique allows the recrystallization of very thin 
films, e.g., having a thickness of 100 nanometers or 
less. 

Instead of by beam blocking, a seed region can 
be defined by complementary masking with an anti- 
reflection film, as described above for the first 
embodiment. Alternatively further, a seed region can be 
defined by projection. 

Third Emb odiment 

The projection irradiation system of Fig. 7 
includes an excimer laser 71, mirrors 72, a variable- 
focus field lens 74, a patterned mask 75, a two-element 
imaging lens 76, a sample stage 77, and a variable 
attenuator 78. A sample 70 is disposed on the sample 
stage 77. This system can be used to produce a shaped 
beam for stepped growth of a single-crystal silicon 
region in a sequential lateral solidification (SLS) 
process. Alternatively, a proximity mask or even a 
contact mask may be used for beam shaping . 
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The sample structure of Fig, 8 has a 
substrate 80, a thermal oxide film 81, and an amorphous 
silicon film 82. 

In the following, the third embodiment of the 
5 technique is described with reference to Figs. 9A-9F and 
10A-10F showing two versions of a first variant, and 
Figs. 11A-11B showing a second variant. 

Starting with the amorphous silicon film 82, 
which in this exemplary embodiment is patterned as a 

10 rectangle (Fig. 9A) , a region 91, bounded by two broken 
lines, of the silicon film 82 is irradiated with a 
pulse, to completely melt the silicon in that region 
(Fig. 9B) , and then resolidify the molten silicon (Fig. 
9C) in the region 91. Here, the region 91 is in the 

15 shape of a stripe, and irradiation of the region 91 may 
be by masked projection or by use of a proximity mask. 
Upon resolidif ication of the molten silicon in the region 
91, two rows of grains grow explosively from the broken 
line boundaries of the region 91 towards the center of 

20 the region 91. Growth of the two rows of grains is over 
the characteristic lateral growth to a final distance 92. 
In any remainder of region 91, a fine grained 
polycrystalline region 93 is formed. Preferably, the 
width of the stripe is chosen such that, upon 

25 resolidif ication, the two rows of grains approach each 
other without converging. Greater width, which is not 
precluded, does not contribute to the efficacy of 
processing. Lesser width tends to be undesirable since 
the subsequent step may have to be reduced in length, and 

30 the semiconductor surface may become irregular where 
grains growing from opposite directions come together 
during the solidification process. An oxide cap may be 
formed over the silicon film to retard agglomeration and 
constrain the surface of the silicon film to be smooth. 
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A next region to be irradiated is defined by 
shifting (stepping) the sample with respect to the masked 
projection or proximity mask in the direction of crystal 
growth. The shifted (stepped) region 94 is bounded by 
5 two broken lines in Fig. 9D. The distance of the shift 
is such that the next region to be irradiated 92 overlaps 
the previously irradiated region 91 so as to completely 
melt one row of crystals while partially melting the 
other row of crystals, as shown in Fig. 9E. Upon 
10 resolidification, the partially melted row of crystals 
will become longer, as shown in Fig. 9F. In this 
fashion, by repeatedly shifting the irradiated portion, 
single crystalline grains of any desired length may be 
grown . 

15 If the pattern of the irradiated region is not 

a simple stripe, but is in the shape of a chevron 101, as 
defined by the broken lines in Fig. 10A, the same 
sequence of shifting the irradiated region shown in Figs. 
10B-10F will result in the enlargement of one grain 

20 growing from the apex of the trailing edge of the 

shifting (stepping) chevron pattern, in this manner, a 
single-crystal region can be grown with increasing width 
and length. 

A large area single-crystal region can also be 
25 grown by applying sequentially shifted (stepped) 

irradiation regions to a patterned amorphous silicon 
film, such as that illustrated in Fig. HA, having a tail 
region 111, a narrow bottleneck region 112 and a main 
island region 113. The cross-section of regions 111, 112 
30 and 113 in Figs. 11A-11C is similar to that shown in Fig. 
5, except that the radiation blocking amorphous silicon 
region 54 and the second silicon dioxide layer 55 are 
absent. The region of irradiation defined by masked 
projection or a proximity mask is illustrated by the 
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regions bounded by broken lines in Figs. llA-lic, which 
also show the sequential lateral shifting (stepping) of 
the irradiated region to obtain the growth of a single 
grain from the tail region ill through the bottleneck 
5 region 112 to produce a single crystal island region 113. 

sequential lateral melting and resolidif ication 
in the examples of Figs. 9A-9F, 10A-10F and 11A-11C were 
carried out on amorphous silicon films which had been 
deposited by chemical vapor deposition (CVD) on a silicon 
10 dioxide coated quartz substrate, with film thicknesses 
from 100 to 240 nanometers. The production of single- 
crystal stripes was confirmed in optical and scanning 
electron microscopic examination of defect-etched 
samples. 

15 Optionally, the substrate may be heated, e.g., 

to reduce the beam energy required for melting or to 
lengthen the lateral growth distance per step. Such 
benefits may be realized also by two-sided irradiation of 
a sample on a stage as shown in Fig. 1. 

20 Further Processing and Applications 

With a semiconductor film processed by the 
present technique, integrated semiconductor devices can 
be manufactured by well-established further techniques 
such as pattern definition, etching, dopant implantation, 

25 deposition of insulating layers, contact formation, and 

interconnection with patterned metal layers, for example. 
In preferred thin-film semiconductor transistors, at 
least the active-channel region has a single-crystal, 
regular or at least quasi-regular microstructure, e.g., 

30 as illustrated by Figs. 3A and 3B. 

Of particular interest is the inclusion of such 
TFTs in liquid-crystal display devices as schematically 
shown in Fig. 12. Such a device includes a substrate 120 
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of which at least a display window portion 121 is 
transparent. The display window portion 121 includes a 
regular array of pixels 122, each including a TFT pixel 
controller. Each pixel controller can be individually 
addressed by drivers 123. Preferably, pixel controllers 
or/and driver circuitry are implemented in semiconductor 
material processed in accordance with the technique of 
the present invention. 

Other applications include image sensors, 
static random-access memories (SRAM) , silicon-on- 
insulator (SOI) devices, and three-dimensional integrated 
circuit devices. 
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ciaijas 

1 1. A method for making a polycrystalline 

2 region as a laterally extending portion of a supported 

3 film of semiconductor material, comprising: 

4 simultaneously irradiating, with pulsed 

5 radiation which induces heat in the semiconductor 

6 material, front and back sides of a structure comprising 

7 a radiation-permeable substrate in back, a first 

8 semiconductor film on the substrate, a heat-resistant 

9 film on the first semiconductor film, and a second 

10 semiconductor film on the heat-resistant film, so as to 

11 melt all semiconductor material in a laterally extending 

12 region of the one of the semiconductor films which 

13 includes the portion, 

14 so that, after the simultaneous irradiation, a 

15 polycrystalline microstructure is formed in the region by 

16 lateral solidification from a boundary of the region. 

1 2. The method of claim 1, wherein the region 

2 is delimited by parallel edges. 

1 3. The method of claim 2, wherein the 

2 parallel edges are spaced apart by a distance for which 

3 simultaneous lateral solidification from the edges 

4 results in complete crystallization of the region. 

1 4. The method of claim 1, wherein the 

2 semiconductor material comprises silicon. 

1 5. The method of claim 1, wherein the heat- 

2 resistant layer consists essentially of Si0 2 . 
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1 6. The method of claim 1, wherein the 

2 substrate is a glass substrate. 

1 7. The method of claim 1, wherein the 

2 substrate is a quartz substrate. 

1 8. The method of claim 1, wherein the 

2 laterally extending portion is in the first semiconductor 

3 film. 

1 9. The method of claim l, wherein the 

2 laterally extending portion is in the second 

3 semiconductor film. 

1 10 • The method of claim 1, wherein the region 

2 has a shape defined by a mask pattern. 

1 11 • T « e method of claim 10, wherein the mask 

2 pattern is projected. 

1 12. The method of claim 10, wherein the mask 

2 pattern is defined by a proximity mask. 

1 13. The method of claim 10, wherein the mask 

2 pattern is defined by a contact mask. 

1 14 • The method of claim 1, wherein the 

2 radiation comprises laser radiation. 

1 15. The method of claim 1, wherein the 

2 laterally extending region is encapsulated. 

1 16. On a supporting substrate, a semiconductor 

2 film processed by the method of claim l. 
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1 17. On a supporting substrate, a plurality of 

2 semiconductor devices in a semiconductor film processed 

3 by the method of claim 1. 

1 18. On a supporting substrate, an integrated 

2 circuit comprising a plurality of thin-film transistors 

3 in which at least the active-channel region is processed 

4 by the method of claim 1. 

1 19. A liquid-crystal display device comprising 

2 a plurality of pixel-controller thin-film transistors in 

3 which at least the active-channel region is processed by 

4 the method of claim 1. 

1 20 • A liquid-crystal display device comprising 

2 a pixel-driver integrated circuit which comprises a 

3 plurality of thin-film transistors in which at least the 

4 active-channel region is processed by the method of 

5 claim 1. 

1 21. A method for making a laterally extending 

2 crystalline region in a film of semiconductor material on 

3 a substrate, comprising: 

4 irradiating, with pulsed radiation which 

5 induces heat in the semiconductor material, a portion of 

6 the semiconductor film so as to entirely melt the 

7 semiconductor material in the portion, and 

8 permitting the molten semiconductor material in 

9 the portion to solidify; wherein: 

10 the portion is configured so as to include a 

11 first sub-portion, a second sub-portion which is 

12 contiguous to the first sub-portion, and a third sub- 

13 portion which is contiguous to the second sub-portion, 
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14 the first sub-portion being configured for 

15 nucleation of semiconductor crystals at its boundary, 

16 the second sub-portion being configured such 

17 that just one of the nucleated crystals grows from the 

18 first sub-portion through the second sub-portion into the 

19 third sub-portion, and 

20 the third sub-portion being configured such 

21 that the one crystal occupies the third sub-portion in 

22 its entirety. 

1 22. The method of claim 21, wherein the first 

2 sub-portion is configured with an island portion for 

3 nucleation of semiconductor crystals. 

1 23. The method of claim 21, wherein the 

2 configuration of the second sub-portion precludes a 

3 straight-line path between the first sub-portion and the 

4 third sub-portion. 

1 24. The method of claim 21, wherein the 

2 semiconductor material comprises silicon. 

1 25. The method of claim 21, wherein the 

2 substrate is heated. 

1 26. The method of claim 21, wherein the 

2 substrate is a glass substrate. 

1 27. The method of claim 21 > wherein the 

2 substrate is a guartz substrate. 

1 28. The method of claim 21, wherein the pulsed 

2 radiation is applied to front and back of the 

3 semiconductor film. 
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1 29. The method of claim 21, Wherein the 

2 semiconductor film has a thickness hot exceeding 

3 100 nanometers. 

1 30. The method of claim 22, wherein the island 

2 portion has a shape defined by a mask pattern. 

1 31. The method of claim 30, wherein the mask 

2 pattern is projected. 

1 32. The method of claim 30, wherein the mask 

2 pattern is defined by a proximity mask. 

1 33. The method of claim 30, wherein the mask 

2 pattern is defined by a contact mask. 

1 34. The method of claim 21, wherein the 

2 radiation comprises laser radiation. 

1 35. The method of claim 21, wherein the 

2 portion is encapsulated. 

1 36. On a supporting substrate, a semiconductor 

2 film processed by the method of claim 21. 

1 37. On a supporting substrate, a plurality of 

2 semiconductor devices in a semiconductor film processed 

3 by the method of claim 21. 

1 38. On a supporting substrate, an integrated 

2 circuit comprising a plurality of thin-film transistors 

3 in which at least the active-channel region is processed 

4 by the method of claim 21. 
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1 39. A liquid-crystal display device comprising 

2 a plurality of pixel-controller thin-film transistors in 

3 which at least the active-channel region is processed by 

4 the method of claim 21. 

1 40. A liquid-crystal display device comprising 

2 a pixel-driver integrated circuit which comprises a 

3 plurality of thin-film transistors in which at least the 

4 active-channel region is processed by the method of claim 

5 21. 

1 41. A method for making a laterally extending 

2 crystalline region in a film of semiconductor material on 

3 a substrate, comprising: 

4 (a) irradiating, with pulsed radiation which 

5 induces heat in the semiconductor material, a first 

6 portion of the film so as to melt the semiconductor 

7 material in the first portion throughout its thickness; 

8 (b) permitting the semiconductor in the first 

9 portion to solidify, thereby forming at least one 

10 semiconductor crystal at a boundary of the first portion, 

11 the first portion then being a previous portion for 

12 further processing; 

13 < c ) irradiating a further portion of the 

14 semiconductor which is stepped from the previous portion 

15 in a stepping direction and which overlaps the at least 

16 one semiconductor crystal in part; 

17 (d) permitting the molten semiconductor 

18 material in the further portion to solidify, thereby 

19 enlarging the semiconductor crystal by growth in the 

20 stepping direction; 

21 (e) repeating steps (c) and (d) in 

22 combination, with the further portion of each step 
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23 becoming the previous portion for the next step, until a 

24 desired crystalline region is formed. 

1 42, The method of claim 41, wherein the 

2 irradiated portions are stripes. 

1 43. The method of claim 42, wherein the 

2 stripes have a width between edges such that simultaneous 

3 lateral solidification from the edges does not result in 

4 complete crystallization of the stripes. 

1 44. The method of claim 41, wherein the 

2 semiconductor material comprises silicon. 

1 45. The method of claim 41, wherein the 

2 irradiated portions are chevrons. 

1 46. The method of claim 41, wherein the 

2 substrate is a glass substrate. 

1 47. The method of claim 41, wherein the 

2 substrate is a quartz substrate. 

1 48. The method of claim 41, wherein the 

2 laterally extending crystalline region is defined by 

3 patterning the film of semiconductor material. 

1 49. The method of claim 48, wherein the 

2 pattern of the film comprises a tail portion, a 

3 bottleneck portion which is contiguous to the tail 

4 portion, and a main-island portion which is contiguous to 

5 the bottleneck portion. 
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1 50. The method of claim 41, wherein the 

2 irradiated portions are defined by a mask pattern. 

1 51. The method of claim 50, wherein the mask 

2 pattern is projected. 

1 52. The method of claim 50, wherein the mask 

2 pattern is defined by a proximity mask. 

1 53. The method of claim 50, wherein the mask 

2 pattern is defined by a contact mask. 

1 54. The method of claim 41, wherein the 

2 radiation comprises laser radiation. 

1 55. The method of claim 41, wherein the 

2 laterally extending region is encapsulated. 

1 56. On a supporting substrate, a semiconductor 

2 film processed by the method of claim 41. 

1 57. On a supporting substrate, a plurality of 

2 semiconductor devices in a semiconductor film processed 

3 by the method of claim 41. 

1 58. On a supporting substrate, an integrated 

2 circuit comprising a plurality of thin-film transistors 

3 in which at least the active-channel region is processed 

4 by the method of claim 41. 

1 59. A liquid-crystal display device comprising 

2 a plurality of pixel-controller thin-film transistors in 

3 which at least the active-channel region is processed by 

4 the method of claim 41. 
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60. A liquid-crystal display device comprising 
a pixel-driver integrated circuit which comprises a 
plurality of thin-film transistors in which at least the 
active-channel region is processed by the method of 
claim 41. 
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PROCESS AND SYSTEM FOR LASER CRYSTALLIZATION PROCESSING 
OF FILM REGIONS ON A SUBSTRATE TO PROVIDE SUBSTANTIAL 
UNIFORMITY, AND A STRUCTURE OF SUCH FILM REGIONS 



5 RELATED APPLICATION 

This application claims priority to United States Provisional 
Application No. 60/405,084, which was filed on August 19, 2002, and is incorporated 
by reference. 

NOTICE OF GOVERNMENT RIGHTS 

10 The U.S . Government may have certain rights in this invention 

pursuant to the terms of the Defense Advanced Research Project Agency award 
number N66001-98-1-8913. 

FIELD OF THE INVENTION 



1 5 more particularly to techniques for processing films to obtain a substantially uniform 
grain region for placing at least an active region of a thin-film transistor ("TFT") 
therein. 

BACKGROUND OF THE INVENTION 

Semiconductor films, such as silicon films, are known to be used for 
20 providing pixels for liquid crystal display devices. Such films have previously been 
processed (i.e., irradiated by an excimer laser and then crystallized) via excimer laser 
annealing ("ELA") methods. However, the semiconductor films processed using such 
known ELA methods often suffer from microstructural non-uniformities, which 
manifest themselves in availing a non-uniform performance of thin-film transistor 
25 ("TFT") devices fabricated on such films. The non-uniformity generally stems from 
the intrinsic pulse-to-pulse variations in the output energy of the excimer lasers 
irradiating the semiconductor films. The above-described non-uniformity could 
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The present invention relates to techniques for processing of films, and 
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manifest itself in, for example, a noticeable difference in a brightness level of the 
pixels in one area of the display as compared to the brightness in other areas thereof. 



(also known as line-beam ELA) processes in the attempt to reduce or eliminate the 
5 non-uniformity. For example, U.S. Patent No. 5,766,989 issued to Maegawa et al., 
the entire disclosure of which is incorporated herein in its entirety by reference, 
describes the ELA methods for forming polycrystalline thin film and a method for 
fabricating a thin-film transistor. This publication attempts to address the problem of 
non-uniformity of characteristics across the substrate, and provide certain options for 
1 0 apparently suppressing such non-uniformities. 



conventional ELA methods make it extremely difficult to reduce the non-uniformities 
in the semiconductor films. This is especially because the energy fluence described 
above may be different for each beam pulse, and thus non-uniformity may be 
1 5 introduced into sections of the semiconductor thin film upon irradiation, solidification 
and crystallization. 



polycrystalline silicon thin films using sequential lateral solidification are known in 
the art. For example, in U.S. Patent No. 6,322,625 issued to Im and U.S. patent 

20 application serial no. 09/390,537, the entire disclosures of which are incorporated 
herein by reference, and which is assigned to the common assignee of the present 
application, particularly advantageous apparatus and methods for growing large 
grained polycrystalline or single crystal silicon structures using energy-controllable 
laser pulses and small-scale translation of a silicon sample to implement sequential 

25 lateral solidification have been described. In these patent documents, it has been 

discussed in great detail that at least portions of the semiconductor film on a substrate 
are irradiated with a suitable radiation pulse to completely melt such portions of the 
film throughout their thickness. In this manner, when the molten semiconductor 
material solidifies, a crystalline structure grows into the solidifying portions from 

30 selected areas of the semiconductor film which did not undergo a complete melting. 



Significant effort has gone into the refinement of "conventional" ELA 



However, the details of the beam-shaping approach used in 



Techniques for fabricating large grained single crystal or 
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This publication mentions that the small grain growth in regions in which nucleation 
may occur. As is known in the art, such nucleation generates small grained material 
in the area of the nucleation. 

As was previously known to those having ordinary skill in the art of a 
5 sequential lateral solidification ("SLS") as described in U.S. Patent No. 6,322,625, 
which utilizes the irradiation of a particular area using beam pulses whose cross- 
sectional areas are large, it is possible for the nucleation to occur in such areas before 
a lateral crystal growth is effectuated in such area. This was generally thought to be 
undesirable, and thus the placement of the TFT devices within these area was 
10 avoided. 

While certain TFT devices do not require a high performance level, 
they require good uniformity in certain applications. Accordingly, it may be 
preferable to generate substrates which include the semiconductor films that allow 
uniform small-grained material to be produced therein, without the need for a multiple 
1 5 irradiation of the same area on the semiconductor thin film. 

SUMMARY OF THE INVENTION 

One of the objects of the present invention is to provide an improved 
process and system to which can produce generally uniform areas on the substrate 
films such that the TFT devices can be situated in such areas. Another object of the 

20 present invention is to allow such areas to be nucleated (based on the threshold 

behavior of the beam pulse), and then solidified, such that upon re-solidification, the 
nucleated area becomes a region with uniform small grained material. It is also 
another object of the present invention to increase the speed to process the 
. semiconductor films for their use with the liquid crystal displays or organic light 

25 emitting diode displays. It is still another object of the present invention to allow each 
irradiated area of the semiconductor thin film to be irradiated once, without the need 
to re-irradiate a substantial portion thereof, while still providing a good uniform 
material therein. 
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In accordance with at least some of these objectives as well as others 



that will become apparent with reference to the following specification, it has now 
been determined that the nucleated and small grained material have an extremely 
good uniformity (e.g., uniform grains). It was also ascertained that the grain size in 

5 such nucleated areas does not vary even in a significant manner if the beam pulses 
melting these areas have fluctuating energy densities. This is particularly the case 
when the beam's energy density stays above the required threshold for fully melting 
these areas throughout their thickness. For example, in the case of a semiconductor 
film which has a thickness of approximately 0.1 pm, the energy density of each beam 

10 pulse should be above 50 mJ/cm 2 . Further, the uniformity in the thin film was found 
to be insensitive to a spatial non-uniformity of the beam incident on the 
semiconductor film so long as the minimum intensity of the beam is above the above- 
described threshold 



1 5 system for processing a semiconductor thin film sample are provided. In particular, a 
beam generator can be controlled to emit at least one beam pulse. With this beam 
pulse, at least one portion of the film sample is irradiated with sufficient intensity to 
fully melt such section of the sample throughout its thickness. Such beam pulse may 



20 and the re-solidified portion is composed of a first area and a second area. Upon the 
re-solidification thereof, the first area includes large grains, and the second area has a 
small-grained region formed through nucleation. The first area surrounds the second 
area and has a grain structure which is different from a grain structure of the second 
area. The second area is configured to facilitate thereon an active region of a thin- 

25 film transistor ("TFT"). 



area has a first border and a second border which is provided opposite and parallel to 
the first border of the first area. Also, the second area has a third border and a fourth 
border which is provided opposite and parallel to the third border of the second area. 
30 A distance between the first border and the second border is smaller than a distance 
between the third border and the fourth border. The second area preferably 



In one exemplary embodiment of the present invention, a process and 



have a predetermined shape. This portion of the film sample is allowed to re-solidify, 



In another exemplary embodiment of the present invention, the first 
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corresponds to at least one pixel. In addition, the second area may have a cross- 
section for facilitating thereon all portions of the TFT. It is also possible for a portion 
of the first area to contain thereon a small section of the TFT. A size and a position of 
the first area with respect to the second area can be provided such that there is no 
5 effect or a negligible effect on a performance of the TFT by the first area. 

According to yet another embodiment of the present invention, the thin 
film sample can be translated for a predetermined distance. With a further beam 
pulse, a further portion of the film sample can be irradiated. The further portion is 
provided at a distance from such portion that substantially corresponds to the 

10 predetermined distance. This further portion of the film sample is allowed to re- 
solidify, the re-solidified portion being composed of a third area and a fourth area. In 
addition, the third area can surround the fourth area, and at least one section of the 
third area at least partially overlaps at least one section of the first area. Further, upon 
the re-solidification thereof, the third area has laterally grown grains, and the fourth 

15 area has a nucleated region. The fourth area can also be composed of edges which are 
provided away from edges of the second area. Furthermore, the fourth area may be 
composed of edges which are approximately border edges of the second area, and the 
edges of the fourth area may not necessarily extend into any section of the first area. 
The beam pulse may have a fluence which is substantially the same as a fluence of the 

20 further beam pulse (or different therefrom). 

In still another embodiment of the present invention, the thin film 
sample can be translated for a predetermined distance. Then, a further portion of the 
film sample can be irradiated using the beam pulse. The further portion is provided at 
a distance from such portion that substantially corresponds to the predetermined 

25 distance. The film sample may be a pre-patterned silicon thin film sample or a 
continuous silicon thin film sample. In addition, the thin film sample can be 
translated for a predetermined distance, and a further portion of the film sample may 
be irradiated using at least one beam pulse. The further portion is preferably provided 
at a distance from this portion that substantially corresponds to the predetermined 

30 distance. In addition, the film sample can be delivered to a first relative pre- 

calculated position of the further portion of the film sample to be irradiated. After 
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such delivery, the film sample may be provided at a second relative pre-calculated 
position whose distance is different from the predetermined distance. 

According to further embodiment of the present invention, the thin 
film sample can again be translated for a predetermined distance. Then, the 

5 translation of the film sample may be stopped, and vibrations of the film sample to 
allowed to settle. Thereafter, a further portion of the thin film is irradiated using at 
least one beam pulse, with the further portion being provided at a distance from such 
portion that substantially corresponds to the predetermined distance. Then, the 
portion of the film sample is irradiated with a further beam pulse, and allowed to re- 

10 solidify. A fluence of the beam pulse is different from a fluence of the further beam 
pulse (e.g., less than the fluence of the beam pulse). 

According to still further embodiment of the present invention, a 
location of the first area is determined so as to avoid a placement of the active region 
of the TFT thereon. The beam pulse preferably includes a plurality of beamlets, and 

15 the first and second areas are irradiated by the beamlets. The semiconductor thin film 
sample may be a silicon thin film sample, and possibly composed of silicon, 
germanium or an alloy thereof. The semiconductor thin film may have a thickness 
approximately between 100A and 10,000 A. Portions of the beam pulse can be 
masked to produce at least one masked beam pulse, such that the masked beam pulse 

20 is used to irradiate the portion of the film sample. The large grains provided in the 
first area may be laterally-grown grains, and the laterally-grown grains of the first 
area can be equiaxed grains. 

According yet another embodiment of the present invention, a 
semiconductor thin film sample is provided which has a first area and a second area, 

25 The first area preferably has large grains therein. The second area is surrounded by 
the first area and includes a region formed through nucleation of at least one section 
of the semiconductor thin film in which the second area is situated. The structure of 
the grains of the first area is different from a structure of the grains of the second area. 
The second area is preferably configured to facilitate thereon an active region of a 

30 thin-film transistor ("TFT"). 
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The accompanying drawings, which are incorporated and constitute 
part of this disclosure, illustrate a preferred embodiment of the invention and serve to 
explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 A is a schematic block diagram of an exemplary embodiment of 

an irradiation system according to the present invention which irradiates particular 
areas of a semiconductor thin film of a sample so that they nucleate and solidify to 
produce uniform small grained regions; 

Fig. IB is an enlarged cross-sectional side view of the sample which 
10 includes the semiconductor thin film- 
Fig. 2 is a top exploded view of an exemplary embodiment of the 
sample conceptually subdivided, and having a semiconductor thin film thereon on 
which a process according to the present invention is performed for the entire surface 
area a semiconductor thin film using the exemplary system of Fig. 1 A; 

1 5 Fig. 3 is a top view of a first exemplary embodiment of a mask 

according to the present invention which has a beam-blocking area surrounding one 
open or transparent area, and which can be used with the exemplary system of Fig. 1 A 
to mask the beam pulses generated by a laser beam source into a patterned beam 
pulse, such that such masked beam pulses irradiate the particular areas on the 

20 semiconductor film; 

Figs. 4A-4D are irradiations, by the radiation beam pulse which is 
masked by the mask of Fig. 3, and then re-solidifications and crystallizations of the 
particular portions of the semiconductor film provided on the sample for a first 
exemplary conceptual column of the sample at various sequential stages of the 
25 exemplary embodiment according to the process of the present invention; 

Figs. 4E-4F are irradiations, by the radiation beam pulse which is 
masked by the mask of Fig. 3, and then re-solidifications and crystallizations of the 
particular portions of the semiconductor film provided on the sample for a second 
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exemplary conceptual column of the sample at two exemplary sequential stages of the 
processing according to the process of the present invention; 

Fig. 5 A is a top view of a second exemplary embodiment of the mask 
according to the present invention which has a beam-blocking area surrounding 
5 multiple small open or transparent areas or slits, and which can be used with the 
exemplary system of Fig. 1 A to mask the beam pulses generated by a beam source 
into patterned beamlets, such that such masked beamlet pulses irradiate the particular 
areas on the semiconductor film; 

Fig. 5B is an enlarged view of the beamlets of the second embodiment 
10 of the mask illustrated in Fig. 5A; 

Figs. 6A-6D are irradiations, by the radiation beam pulse intensity 
pattern which is masked by the mask of Fig. 5, and then re-solidifications and 
crystallizations of the particular portions of the semiconductor film provided on the 
sample for the first exemplary conceptual column of the sample at various sequential 
1 5 stages of the first exemplary embodiment of the exemplary embodiment according to 
the process of the present invention; 

Fig. 7 is an illustration of the semiconductor thin film provided on the 
sample, and such thin film being irradiated by the beam pulse having a cross-section 
that is patterned by a mask having a beam-blocking area surrounding one long and 
20 narrow open or transparent area, and which can be used with the exemplary system of 
Fig.lA; 

Fig. 8A is an illustration of the two particular areas irradiated, re- 
solidified and crystallized areas corresponding to the areas of Figs. 4D and 6D in 
which the entire TFT device is situated in the small uniformed grained region formed 
25 through nucleation; 

Fig. 8B is an illustration of the two particular areas irradiated, re- 
solidified and crystallized areas corresponding to the areas of Figs. 4D and 6D in 
which only the entire cross-section of the active region of the TFT device is situated 
in the small uniformed grained region formed through nucleation, while other regions 
30 are provided over border areas between the crystallized areas; 
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Fig. 9 is a flow diagram representing an exemplary processing 
procedure of the present invention under at least partial control of a computing 
arrangement of Fig. 1 A using the exemplary techniques of the present invention of 
Figs. 4A-4F and 6A-6D; and 

5 Fig. 1 0 is a flow diagram representing another exemplary processing 

procedure of the present invention under at least partial control of a computing 
arrangement of Fig. 1 A using the exemplary techniques of the present invention of 
Figs. 4A-4F and 6A-6D, and in which the beam source of Fig. 1A is triggered based 
on the positions of the semiconductor film with respect to the impingement of the 

10 beam. 

DETAILED DESCRIPTION 

It should be understood that various systems according to the present 
invention can be utilized to generate, nucleate, solidify and crystallize one or more 
areas on the semiconductor (e.g., silicon) film which have uniform material therein 

1 5 such that at least an active region of a thin-film transistor ("TFT") can be placed in 
such areas. The exemplary embodiments of the systems and process to achieve such 
areas, as well as of the resulting crystallized semiconductor thin films shall be 
described in further detail below. However, it should be understood that the present 
invention is in no way limited to the exemplary embodiments of the systems, 

20 processes and semiconductor thin films described herein. 

Certain systems for providing a continuous motion SLS are described 
in U.S. Patent Application Serial No. 09/526,585 (the 11 '585 application"), the entire 
disclosure of which is incorporated herein by reference. Substantially similar systems 
according to the exemplary embodiment of the present invention can be employed to 

25 generate the nucleated, solidified and crystallized portions of the semiconductor film 
described above on which it is possible to situate the active regions of the TFT device. 
In particular, the system according to the present invention is used on a sample 170 
which has an amorphous silicon thin film thereof that is being irradiated by irradiation 
beam pulses to promote the nucleation, subsequent solidification and crystallization of 

30 the particular areas of the semiconductor thin film. The exemplary system includes a 
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beam source 110 (e.g., aLambda Physik model LPX-3 151 XeCl pulsed excimer laser) 
emitting an irradiation beam (e.g., a laser beam), a controllable beam energy density 
modulator 120 for modifying the energy density of the laser beam, a MicroLas two 
plate variable attenuator 130, beam steering mirrors 140, 143, 147, 160 and 162, beam 
5 expanding and collimating lenses 141 and 142, a beam homogenizer 144, a condenser 
lens 145, a field lens 148, a projection mask 150 which may be mounted in a 
translating stage (not shown), a 4x-6* eye piece 161, a controllable shutter 152, a 
multi-element objective lens 163 for focusing a radiation beam pulse 164 onto the 
sample 170 having the semiconductor thin film to be processed mounted on a sample 

10 translation stage 180, a granite block optical bench 190 supported on a vibration 
isolation and self-leveling system 191, 192, 193 and 194, and a computing 
arrangement 100 (e.g., a general purpose computer executing a program according to 
the present invention or a special-purpose computer) coupled to control the beam 
source 1 10, the beam energy density modulator 120, the variable attenuator 130, the 

15 shutter 152 and the sample translation stage 180. 

The sample translation stage 1 80 is preferably controlled by the 
computing arrangement 100 to effectuate translations of the sample 170 in the planar 
X-Y directions, as well as in the Z direction. In this maimer, the computing 
arrangement 100 controls the relative position of the sample 40 with respect to the 

20 irradiation beam pulse 1 64. The repetition and the energy density of the irradiation 
beam pulse 164 are also controlled by the computer 100. It should be understood by 
those skilled in the art that instead of the beam source 1 10 (e.g., the pulsed excimer 
laser), the irradiation beam pulse can be generated by another known source of short 
energy pulses suitable for completely melting throughout their entire thickness 

25 selected areas of the semiconductor (e.g., silicon) thin film of the sample 170 in the 
manner described herein below. Such known source can be a pulsed solid state laser, 
a chopped continuous wave laser, a pulsed electron beam and a pulsed ion beam, etc. 
Typically, the radiation beam pulses generated by the beam source 110 provide a 
beam intensity in the range of 10 mJ/cm 2 to 1 J/cm 2 , a pulse duration (FWHM) in the 

30 range of 10 to 103 nsec, and a pulse repetition rate in the range of 10 Hz to 104 Hz. 
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While the computing arrangement 100, in the exemplary embodiment 
of the system shown in Fig. 1 A, controls translations of the sample 170 via the sample 
stage 180 for carrying out the processing of the semiconductor thin film of the sample 
170 according to the present invention, the computing arrangement 100 may also be 
5 adapted to control the translations of the mask 150 and/or the beam source 110 
mounted in an appropriate mask/laser beam translation stage (not shown for the 
simplicity of the depiction) to shift the intensity pattern of the irradiation beam pulses 
164, with respect to the semiconductor thin film of the sample 170, along a controlled 
beam path. Another possible way to shift the intensity pattern of the irradiation beam 

10 pulse is to have the computer 100 control a beam steering mirror. The exemplary 

system of Fig. 1 may be used to carry out the processing of the silicon thin film of the 
sample 170 in the manner described below in further detail. The mask 150 should be 
used by the exemplary system of the present invention to well define the profile of the 
resulting masked beam pulse 164 and to reduce the edge regions of the portions of the 

1 5 semiconductor thin film when these portions are irradiated by such masked beam 
pulse 1 64 and then crystallized. 

As illustrated in Fig. IB, the semiconductor thin film 175 of the sample 
170 can be directly situated on e.g., a glass substrate 172, and may be provided on one 
or more intermediate layers 177 there between. The semiconductor thin film 175 can 

20 have a thickness between 1 00 A and 1 0,000 A (1 \un) so long as at least certain 

necessary areas thereof can be completely melted throughout their entire thickness. 
According to an exemplary embodiment of the present invention, the semiconductor 
thin film 175 can be composed of silicon, germanium, silicon germanium (SeGe), all 
of which preferably have low levels of impurities. It is also possible to utilize other 

25 elements or semiconductor materials for the semiconductor thin film 175. The 

intermediary layer 177, which is situated immediately underneath the semiconductor 
thin film 175, can be composed of silicon oxide (Si02>, silicon nitride (Si 3 N4), and/or 
mixtures of oxide, nitride or other materials that are suitable for promoting nucleation 
and small grain growth within the designated areas of the semiconductor thin film 175 

30 of the sample 170. The temperature of the glass substrate 172 can be between room 
temperature and 800°C. Higher temperatures of the glass substrate 172 can be 
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accomplished by preheating the substrate 172 which would effectively allow larger 
grains to be grown in the nucleated^ re-solidified, and then crystallized areas of the 
semiconductor thin film 175 of the sample 170 due to the proximity of the glass 
substrate 172 to the thin film 175. 

5 Fig. 2 shows an enlarged view of an exemplary embodiment of the 

semiconductor thin film 175 (e.g., an amorphous silicon thin film) of the sample 170, 
and the relative translation paths of the beam pulse 164 with respect to the locations 
on the sample 170. This exemplary sample 170 has exemplary dimensions of 40 cm 
in the Y direction by 30 cm in the X direction. The sample 170 can be conceptually 

10 subdivided into a number of columns (e.g., a first conceptual column 205, a second 
conceptual column 206, a third conceptual column 207, etc.). The location/size of 
each conceptual column may be stored in a storage device of the computing 
arrangement 100, and utilized by the computing arrangement 100 for later controlling 
the translation of the sample 170, and/or firing of the beam by the beam source 1 10 on 

15 these locations of the semiconductor thin film 175, or on other locations that are based 
on the stored locations. Each of the columns 205, 206, 207, etc. is dimensioned, e.g., 
Vi cm in the Y direction by 30 cm in the X direction. Thus, if the sample 170 is sized 
40 cm in the Y direction, the sample 1 50 may be conceptually subdivided into eighty 
(80) columns. The sample 170 may also be conceptually subdivided into such 

20 columns having other dimensions (e.g., 1 cm by 30 cm columns, 2 cm by 30 cm 

columns, 2 cm by 30 cm columns, etc.). In fact, there is absolutely no restrictions on 
the dimensions of the conceptual columns of the sample 170 so long as the beam 
pulse 164 is capable of irradiating and completely melting certain areas of the 
semiconductor thin film 175 in such columns so as to promote nucleation, 

25 solidification, and small grain growth within such areas for forming uniform areas on 
the film sample 175 to allow at least the active region of the TFT device to be placed 
completely therein without a concern of non-uniformity therein. The 
location/dimension of each column, and the locations thereof, are stored in the storage 
device of the computing arrangement 100, and utilized by such computing 

30 arrangement 100 for controlling the translation of the translation stage 1 80 with 
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respect to the beam pulse 164 and/or the firing of the beam 111 by the beam source 
110. 

The semiconductor thin film 175 can be irradiated by the beam pulse 
164 which is patterned using the mask 150 according to a first exemplary embodiment 

5 of the present invention as shown in Fig. 3. The first exemplary mask 1 50 is sized 
• such that its cross-sectional area is larger than that of the cross-sectional area of the 
beam pulse 1 64. In this manner, the mask 1 50 can pattern the pulsed beam to have a 
shape and profile directed by the open or transparent regions of the mask 150. In this 
exemplary embodiment, the mask 150 includes a beam-blocking section 155 and an 

10 open or transparent section 157. The beam-blocking section 155 prevents those areas 
of the pulsed beam impinging such section 155 from being irradiated there-through, 
thus preventing the further entering the optics of the exemplary system of the present 
invention shown in Fig. 1 A to irradiate the corresponding areas of the semiconductor 
thin film 175 provided on the sample 170. In contrast, the open or transparent section 

15 157 allows the portion of the beam pulse 164 whose cross-section corresponds to that 
of the section 157 to enter the optics of the system according to the present invention, 
and irradiate the corresponding areas of the semiconductor thin film 175. hi this 
manner, the mask 150 is capable of patterning the beam pulse 164 so as to impinge 
the semiconductor thin film 175 of the sample 170 at predetermined portions thereof 

20 as shall be described in further detail below. 

A first exemplary embodiment of the process according to the present 
invention shall now be described with reference to the irradiation of the 
semiconductor thin film 175 of the sample 170 as illustrated in Figs. 4A-4F. In this 
exemplary process of the present invention, the beam 1 11 is shaped by the exemplary 

25 mask 150 of Fig. 3, and the exemplary irradiation and/or impingement of the 

semiconductor thin film 175 of the sample 170 is shown in Fig. 2. For example, the 
sample 170 may be translated with respect to the beam pulse 164, either by moving 
the mask 150 or the sample translation stage 180, in order to irradiate selective areas 
of the semiconductor thin film 175 of the sample 170. For the purposes of the 

30 foregoing, the length and width of the laser beam 149 may be greater than 1 cm in the 
X-direction by Vi cm in the Y-direction (e.g., a rectangular shape) so that it can be 
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shaped by the mask 150 of Fig. 3. However, it should be understood the pulsed laser 
beam 149 is not limited to such shape and size. Indeed, other shapes and/or sizes of 
the laser beam 149 are, of course, achievable as is known to those having ordinary 
skill in the art (e.g., shapes of a square, triangle, circle, etc.), 

5 After the sample 170 is conceptually subdivided into columns 205, 

206, 207, etc., a pulsed laser beam 1 1 1 is activated (by actuating the beam source 110 
using the computing device 100 or by opening the shutter 130), and produces the 
pulsed laser beamlets 1 64 which impinges on a first location 220 which is away from 
the semiconductor thin film 175. Then, the sample 170 is translated and accelerated 

10 in the forward X direction under the control of the computing arrangement 1 00 to 
reach a predetermined velocity with respect to the fixed position beamlets in a first 
beam path 225. 

In one exemplary variation of the process of the present invention, the 
pulsed beamlets 164 can reach a first edge 210 ! of the sample 170 preferably when the 
15 velocity of the movement of the sample 170 with respect to the pulsed laser beam 149 
reaches the predetermined velocity. Then, the sample 170 is continuously (i.e., 
without stopping) translated in the -X direction at the predetermined velocity so that 
the pulsed beamlets 164 continue irradiating successive portions of the sample 170 for 
an entire length of a second beam path 230. 

20 After passing the first edge 210', the beam pulse 164 impinges and 

irradiates a first area 310 of the semiconductor thin film 175, preferably with enough 
intensity to completely melt such area throughout its thickness, as illustrated in Fig. 
4A. Then, as shown in Fig. 4B, this first area 310 is allowed to solidify and 
crystallize, thereby forming two regions therein - a first small-grained region 315 and 

25 a first laterally-grown region 318. The first small-grained region 315 is formed after 
the nucleation of the large section within the first area 310. The dimensions of this 
region 315 are slightly smaller that the dimensions of the beam pulse 164 irradiating 
the first area 310, with the first small-grained region 315 being surrounded by the first 
laterally-grown region 318 (the details of which are described herein below). 
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The first laterally-grown region 3 1 8 is formed by laterally growing the 
grains from the borders between the unmelted portions of the semiconductor thin film 
175 and the first melted area 310. The grains in the first laterally-grown region 318 
grown from these borders toward the center of the first melted area for a 
5 predetermined distance, to reach the first small-grained region 315 and form a border 
there between. This predetermined distance is controlled by the rate of re- 
solidification of the first melted area 310. For example, the predetermined distance 
can be between 1 \un and 5 |im. Therefore, the first laterally-grown region 318 is 
significantly smaller that the first small-grained region 315 which it surrounds. 

10 Generally, the grains of the region 315 are smaller than the grains of the region 318. 
However, the, small-grained material in the first small-grained region 315 provides a 
good uniformity for the placement of the TFT devices, and at least the active regions 
thereof, in such uniform small-grained region. For the purposes of the present 
invention, it is undesirable to position the active regions of the TFT devices on such 

1 5 small-grained regions. 

Thereafter, as shown in Fig. 4C, the sample 170 is continued to be 
translated (or the mask 150 is configured to be adjusted) such that the beam pulse 164 
irradiates and completely melts (throughout its thickness) a second area 320 of the 
semiconductor thin film 175, This second area 320 which can be a subsequent area 

20 immediately following the first area 320 in the first conceptual column 205 along the 
+X direction. Similarly to the first area 3 1 0, the second area 320 re-solidifies and 
crystallizes into a second small-grained region 325 and a second laterally-grown 
region 328, which correspond to the characteristics and dimensions of the first small- 
grained region 315 and the first laterally-grown region 318, respectively. If, during 

25 the irradiation of the second area 320, the beam pulse 164 slightly overlaps the first 
laterally-grown region 318, then upon re-solidification, the grains in this region 318 
seed and laterally grow a portion of the completed melted second area 320 which is 
immediately adjacent to the first laterally-grown region 318. In this manner, the 
adjacent section of the second laterally-grown region 328 is seeded by the first 

30 laterally-grown region 3 1 8 to laterally grow grains therefrom. The resultant 

crystallized second area 320 is illustrated in Fig. 4D. It is also within the scope of the 
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present invention for the second area 320 to be provided at a distance from the 
crystallized first area 310. Accordingly, the sections of the second laterally-grown 
region 328 which is situated closest to the crystallized first laterally-grown region 318 
is seeded by the grains from an un-irradiated section between the first area 310 and 
5 the second area. 

The translation and irradiation of the first conceptual column 205 of 
the semiconductor thin film 175 continues until all areas 310, 320, 380, 390 (and 
their respective small-grained regions 315, 325, 385, 395 and laterally-grown 
regions 318, 328, 388, 398) in this first conceptual column 205 is continued until 

10 the pulsed beamlets 164 reach a second edge 210" of the sample 170, as illustrated in 
Fig. 4E. The crystallization of the areas 310, 320, 380, 390 along the first 
conceptual column 205 is performed in a substantially repetitive manner. When the 
beam pulse 164 passes the second edge 210", the translation of the sample 170 may 
be slowed with respect to the beam pulse 164 (in a third beam path 235) to reach a 

15 second location 240 (Fig. 2). It should be noted that it is not necessary to shut down 
the pulsed beam 111 after the beam pulse 164 has crossed the second edge 210" of the 
sample 170 because it is no longer irradiating the sample 170. 

While being away from the sample 170 and the second edge 210", the 
sample is translated in a -Y direction to a third location 247 via a fourth beam path 

20 245 so as to be able to irradiate the sections of the semiconductor thin film 175 along 
the second conceptual column 206. Then, the sample 170 is allowed to settle at that 
location 247 to allow any vibrations of the sample 170 that may have occurred when 
the sample 170 was translated to the third location 247 to cease. Indeed, for the 
sample 170 to reach the second conceptual column 206, it is translated approximately 

25 X A cm for the columns having a width (in the -Y direction) of Vz cm. The sample 170 
is then accelerated to the predetermined velocity via a fourth beam path 250 in the -X 
direction so that the impingement of the semiconductor thin film 175 by the beam 
pulse 1 64 reaches, and then bypasses the second edge 210". 

Thereafter, the sample 1 70 is translated along a fifth beam path 255, 
30 and the exemplary process described above with respect to the irradiation of the first 
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column 205 may then be repeated for the second conceptual column 206 to irradiate 
further areas 410, 420, and their respective small-grained regions 415, 425 and 
laterally-grown regions 418, 428 while translating the sample in the +X direction. In 
this manner, all conceptual columns of the sample 170 can be properly irradiated 
5 Again, when the beam pulse 164 reaches the first edge 210', the translation of the 
sample 170 is decelerated along a sixth beam path 260 to reach a fourth location 265. 
At that point, the sample 170 is translated in the -Y direction along the seven beam 
path 270 for the beam pulse to be outside the periphery of the sample 170 to reach 
fifth location 272, and the translation of the sample 170 is allowed to be stopped so as 

10 to remove any vibrations from the sample 170. Thereafter, the sample 170 is 

accelerated along the eighth beam path 275 in the -X direction so that the beam pulse 
164 reaches and passes the first edge 210' of the sample 170, and the beam pulse 164 
irradiates and completely melts certain areas in the third conceptual column 207 so 
that they can crystallize in substantially the same manner as described above for the 

15 areas 310, 320, 380, 390 of the first conceptual column 205 and the areas 410, 420, 
... of the second conceptual column 206. 

This procedure may be repeated for all conceptual columns of the 
semiconductor thin film 175, for selective columns of particular sections of the thin 
film 175 which are not necessarily conceptually, subdivided into columns. In addition, 

20 it is possible for the computing arrangement 1 00 to control the firing of the beam 111 
by the beam source 110 based on the predefined location stored in the storage device 
of the computing arrangement 100 (e.g., instead of irradiating the semiconductor thin 
film 175 by setting predetermined pulse durations). For example, the computing 
arrangement 100 can control the beams source 1 10 to generjate the beam 111 and 

25 irradiate only at the predetermined locations of certain areas of the thin film 175 with 
its corresponding beam pulse 164, such that these locations are stored and used by the 
computing arrangement 100 to initiate the firing of the beam 1 1 1 which results in the 
irradiation by the beam pulse only when the sample 170 is translated to situate those 
areas directly in the path of the beam pulse 164. The beam source 1 10 can be fired 

30 via the computing arrangement 1 0Q based on the coordinates of the location in the X 
direction. 
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In addition, it is possible to translate the sample 170 in a manner which 
is not necessary continuous, when the path of the irradiation of the beam pulse 164 
points to the areas on the semiconductor thin film 175 to be melted and crystallized. 
Thus, it is possible for the translation of the sample 170 to be stopped in the middle of 
5 the sample 170, with the area in the middle being irradiated, completely melted, and 
then re-solidified and crystallized. Thereafter, the sample 170 can be moved so that 
another section of the semiconductor thin film 175 is arranged in the path of the beam 
pulse 164, such that the translation of the sample is then stopped again and the 
particular section is irradiated and completely melted in accordance with the 
1 0 exemplary embodiment of the process described in great detail above, as well as the 
embodiments of the process which shall be described below. 

According to the present invention, any mask described and shown 
herein and those described and illustrated in the c 535 application may be used for the 
process and system according to the present invention. For example, instead of using 

15 the mask shown in Fig. 3 which allows the semiconductor thin film 175 to be flood- 
irradiated, a second exemplary embodiment of the mask ISO-illustrated in Fig. 5A 
can be utilized. In contrast to the mask 150 of Fig, 3 which has a single open or 
transparent region 157, the mask 150' has multiple open or transparent regions 450 
which are separated from one another by beam-blocking regions 455. The open or 

20 transparent regions 450 of the mask 150' can also be referred to as "slits. 0 These slits 
permit small beam pulses (or beamlets) to irradiate there-through and completely melt 
the areas of the semiconductor thin film 175 that they impinge. An enlarged 
illustration of one of the slits 450 is provided in Fig. 5B, which shows that the 
dimensions of the slits 450 can be 0.5 \xm by 0.5 \xm. It should be clearly understood 

25 that other dimensions of the slits are possible, and are within the scope of the present 
invention. For example, the slits can have a rectangular shape, a circular shape, a 
triangular shape, a chevron shape, a diamond shape, etc. 

Figs. 6A-6D show an exemplary progression of a second embodiment 
of the process according to the present invention in which a plurality of successive 
30 areas along the first conceptual column 205 of the semiconductor thin film 175 is 
irradiated by the beam pulse 164 (comprised of beamlets) which is shaped by the 
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mask 150 1 of Fig. 5A. The translation of the sample 170 with respect to the 
impingement thereof by the beam pulse 164 is substantially the same as the 
translation described above with reference to Figs, 4A-4F. The difference between 
the irradiation of the areas 310, 320, 380, 390, 410, 420 by the beam pulse 164 
5 shaped by the mask 150 of Fig, 3 and the areas 460, 470 by the beam pulse 164 
shaped by the mask 150* is that substantially the entire areas 310, 320, ... , 380, 390, 
410, 420 are irradiated and completely melted, as opposed to only certain small 
portions 462 of the areas 460, 470 are irradiated and completely melted throughout 
their entire thickness. 

1 0 Similarly to the area 3 1 0 in Fig. 4A, the portions 462 of the area 460 

are irradiated and completely melted as illustrated in Fig. 6A. Thereafter, the portions 
462 are re-solidified to form the small-grained regions 465 (due to nucleation), and 
the laterally grown regions 468 as shown in Fig. 4B. Similarly to the first small- 
grained regions 315, the small-grained regions 465 of the respective portions 462 

15 have small grain uniform materials therein, and are sized such that at least an active 
region of the TFT device (and possible the entire TFT device) can be placed within 
each such region 465. The small grain uniform material of the region 465 is formed 
due to the nucleation and re-solidification of this region. As shown in Fig. 6C, upon 
the translation of the sample 1 70 in the -X direction, portions 472 of the area 470 are 

20 irradiated and completely melted in a substantially the same maimer as the portions 
462. In such manner, the small-grained regions 475 and the laterally-grown regions 
478 of the area 470 are formed. 



according to the present invention as shown in Fig. 7 which has a long and narrow 
25 open or transparent region 490 so as to pattern and shape the beam 149 into the beam 
pulse 164. For example, the length of the region 490 can be 0.5 cm and the width 
thereof may be 0.1 mm. In this manner, each conceptual column of the sample 170 
illustrated in Fig. 2 can be irradiated by the beam pulse 164 shaped by this mask 150", 
In addition, it may be possible for the length of the region 490 to be 30 cm. Thus, 
30 instead of subdividing the semiconductor thin film 175 into a number of conceptual 
columns, and irradiating each column separately, it is possible to irradiate and 



In addition, it is possible to utilize a third embodiment of a mask 150' 
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completely melt selected portions of the semiconductor thin film 175 by translating 
the sample 170 in the -Y direction from one edge of the sample 170 to the opposite 
edge thereof It is important that the small-grained uniform regions be formed using 
such processing technique such that it would be possible to situate the active regions 
5 of the respective TFT devices thereon. 

Fig. 8 A shows an illustration of the first and second irradiated, re- 
solidified and crystallized areas 510 and 520 possibly corresponding to the first and 
second areas 310, 320 of Figs. 4D and/or the adjacent portions 462 of the area 460 of 
Fig. 6D. In particular, Fig. 8A shows that the entire TFT devices 610, 620 can be 

1 0 situated within the respective uniform small-grained regions 515, 525 of the areas 
510, 520. The first TFT device 610 situated in the small-grained region 515 of the 
area 510 includes a gate 612, a drain 614, a source 616 and an active region 618, all of 
which are provided away from the laterally-grown region 518. Similarly, for the 
second TFT device 610, its gate 622, drain 624, source 626, and especially active 

15 region 628 are also situated that they do not overlap the respective laterally-grown 
region 528 of the area 520 

Fig. 8B shows an illustration of the first and second irradiated, re- 
solidified and crystallized areas 510 and 520 also possibly corresponding to the 
adjacent portions 462 of the area 460 of Fig. 6D with the respective ift devices 610 f , 

20 620 1 provided thereon. In this exemplary embodiment, only respective active regions 
61 8 1 , 628' of the areas 510, 520 are provided within the respective uniform small- 
grained regions 515, 525 of the areas 510, 520, while other portions of the TFT 
devices 610', 620 1 are situated on the respective laterally-grown regions 518, 528 of 
the areas 510, 520. In particular, the first TFT device 610' includes an active region 

25 618' which entirely situated in the small-grained region 515 of the area 510, while a 
gate 612 1 , a drain 614' and a source 616 ? of this TFT device 610' overlap the laterally- 
grown region 518. Also, for the second TFT device 610 1 , an active region 628 1 
thereof is entirely situated within the respective small-grained region 525 of the area 
520, while a gate 622 1 , a drain 624' and a source 626 1 of the second TFT device 620 f 

30 are provided directly on the respective laterally-grown regions 528 of the area 520. 
Also, the gate 622', is provided on a border region 500 between the small-grained 
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region 515 of the area 510 and the small-grained region 525 of the area 520. It should 
be understood that any one of the gate 612, 612', 622, 622', drain 614, 614', 624, 624' 
and source 616, 616', 626, 626' can be provided on the laterally-grown regions 518, 
528 and the border region 500. In addition, according to still another embodiment of 
5 the present invention, it is possible to situate a small portion of the active regions 618', 
628' of the respective TFT devices 610 1 , 620' on the border region 500 or the laterally- 
grown regions 518, 528, while still having the major portions of these active regions 
618', 628' provided within the small-grained regions 515, 525. 



1 0 procedure of the present invention under at least a partial control of a computing 
arrangement of Fig. 1 A which uses the techniques of the present invention of Figs, 
4A-4F and 6A-6D. In step 1000, the hardware components of the system of Fig, 1 A, 
such as the beam source 1 10, the energy beam modulator 120, and the beam 
attenuator and shutter 130 are first initialized at least in part by the computing 

15 arrangement 100. The sample 170 is loaded onto the sample translation stage 180 in 
step 1005. It should be noted that such loading may be performed either manually or 
automatically using known sample loading apparatus under the control of the 
computing arrangement 100. Next, the sample translation stage 1 80 is moved, 
preferably under the control of the computing arrangement 100, to an initial position 

20 in step 1010. Various other optical components of the system are adjusted and/or 
aligned either manually or under the control of the computing arrangement 100 for a 
proper focus and alignment in step 1015, if necessary. In step 1020, the 
irradiation/laser beam 111 is stabilized at a predetermined pulse energy level, pulse 
duration and repetition rate. In step 1024, it is preferably determined whether each 

25 beam pulse 1 64 has sufficient energy to ftdly melt the irradiated portions of the 
semiconductor thin film 175 without over-melting them. If that is not the case, the 
attenuation of the beam 1 1 1 is adjusted by the beams source 1 10 under the control of 
the computing arrangement 100 in step 1025, and step 1024 is executed again to 
determine if the there is sufficient energy to melt the portions of the semiconductor 

30 thin film. 



Fig. 9 show a flow diagram representing a first exemplary processing 
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In step 1 027, the sample 1 70 is positioned to point the beam pulse 164 
to impinge the first column of the semiconductor thin film. Then, in step 1030, the 
portions of the semiconductor thin film are irradiated and fully melted throughout 
their entire thickness using a masked intensity pattern or a shaped beam pulse (e.g., 
5 using the mask 150 or merely shaping the beam). Thereafter, the irradiated portions 
of the semiconductor thin film are allowed to solidify and crystallize such that the 
certain areas of the solidified portions have been nucleated and include uniform 
material therein so as to allow at least the active regions of the TFT devices to be 
placed entirely therein. In step 1035, it is determined whether the irradiation for the 

1 0 current conceptual column by the beam pulse has been completed. If no, in step 1045, 
the sample is continued to be irradiated with the next beam pulse 164. However, if in 
step 1035, it is determined that the irradiation and crystallization of the current 
conceptual column is completed, then it is determined in step 1045 whether there are 
any further conceptual columns of the sample 170 to be processed. If so, the process 

15 continues to step 1050 in which the sample 170 is translated to that the beam pulse 
164 is pointed to the next conceptual column to be processed according to the present 
invention. Otherwise, in step 1055, the exemplary processing has been completed for 
the sample 170, and the hardware components and the beam 1 1 1 of the system shown 
in Fig. 1 A can be shut off, and the process is terminated. 

20 Fig. 10 shows a flow diagram representing a second exemplary 

processing procedure of the present invention under at least a partial control of a 
computing arrangement of Fig. 1 A using the techniques of the present invention of 
Figs. 4A-4F and 6A-6D, in which it is preferable to irradiate the sample 170 based on 
preassigned locations on the semiconductor thin film 175. Steps 1 100-1 120 of this 

25 exemplary procedure are substantially the same as the steps 1000-1020 of the 

procedure of Fig. 9, and thus shall not be described herein in further detail. In step 
1024, however, it is determined whether each beam 1 1 1 has enough energy to 
irradiate at least portions of the semiconductor thin film 175 such that the irradiated 
portion crystallize. If not, in step 1 125, the attenuation for the beam pulse is adjusted, 

30 and the energy fluence is verified again. Upon the verification of the energy fluence 
of the beam pulse, the sample is moved to impinge a first column of the sample 170. 
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Then, in step 1130, the resultant beam 149 is passed through the mask 
159 to shape the beam pulse, and shape the edge portions of the resultant pulse. Then, 
the sample 170 is continuously translated along the current column in step 1 1 35, In 
step 1 140, during the translation of the sample 170, the portions of the semiconductor 

5 thin film 175 are irradiated, and fully melted throughout their entire thickness, e.g., 
using a masked intensity pattern beam pulse to allow the irradiated portions to be 
crystallized. This irradiation of the portions of the semiconductor thin film 1 75 can 
be performed when the beam pulses 164 reach particular locations on the sample 170, 
which are pre-assigned by the computing arrangement 100 and stored in the storage 

10 device thereof. Thus, the beam source 110 can be fired upon the sample 170 reaching 
these locations with respect to the beam pulses 164. Thereafter, the irradiated 
portions of the semiconductor thin film 175 are allowed to solidify and crystallize 
such that the certain areas of the solidified portions have been nucleated, and include 
the uniform material therein so as to allow the active regions of the TFT devices to be 

1 5 placed thereon. Such processing is continued until the end of the current conceptual 
column on the semiconductor thin film 175 (e.g., the edge of the sample 170) is 
reached. In step 1 145, it is determined whether there are any further conceptual 
columns of the sample 170 are to be processed. If so, the process continues to step 
1 150 in which the sample is translated so that the beam pulse 164 is pointed to the 

20 next conceptual column to be processed according to the present invention. 

Otherwise, in step 1155 is performed, which is substantially the same as that of step 
1055 of Fig. 9. 

The foregoing merely illustrates the principles of the invention. 
Various modifications and alterations to the described embodiments will be apparent 

25 to those skilled in the art in view of the teachings herein. For example, while the 
above embodiment has been described with respect to at least partial lateral 
solidification and crystallization of the semiconductor thin film, it may apply to other 
materials processing techniques, such as micro-machining, photo-ablation, and micro- 
patterning techniques, including those described in International patent application no. 

30 PCT/US01/12799 and U.S. patent application serial nos. 09/390,535, 09/390,537 and 
09/526,585, the entire disclosures of which are incorporated herein by reference. The 
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various mask patterns and intensity beam patterns described in the above-referenced 
patent application can also be utilized with the process and system of the present 
invention. It should also be understood that while the systems and processes 
described above are directed for processing, e.g., semiconductor thin films, these 
techniques and systems can also be used to process other films, including metal thin 
films, etc. 

It will thus be appreciated that those skilled in the art will be able to 
devise numerous systems and methods which, although not explicitly shown or 
described herein, embody the principles of the invention and are thus within the spirit 
and scope of the present invention. 
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What Is Claimed Is: 



1 . A method for processing a thin film sample, comprising the steps of: 
(a) controlling a beam generator to emit at least one beam pulse; 

5 (b) with the at least one beam pulse, irradiating at least one portion of the 

film sample with sufficient intensity to fully melt the at least one section of the 
sample throughout its thickness; and 

(c) allowing the at least one portion of the film sample to re-solidify, the 
re-solidified at least one portion being composed of a first area and a second area, 
10 wherein, upon the re-solidification thereof; the first area includes large grains, and the 
second area has a small-grained region formed through nucleation, 

wherein the first area surrounds the second area and has a grain structure 
which is different from a grain structure of the second area, and wherein the second 
area is configured to facilitate thereon an active region of an electronic device. 

15 

2. The method according to claim 1, 

wherein the first area has a first border and a second border which is provided 
opposite and parallel to the first border of the first area, 

wherein the second area has a third border and a fourth border which is 
20 provided opposite and parallel to the third border of the second area, and 

wherein a distance between the first border and the second border is smaller 
than a distance between the third border and the fourth border. 

3. The method according to claim 2, wherein the second area corresponds to at 
25 least one pixel. 

4. The method according to claim 1 , wherein the second area has a cross-section 
for facilitating thereon all portions of the electronic device. 
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5. The method according to claim 1, wherein a size and a position of the first 
area with respect to the second area are provided such that the first area provides 
either no effect or a negligible effect on a performance of the electronic device. 

5 6. The method according to claim 1, further comprising the steps of: 

(d) translating the thin film sample for a predetermined distance; 

(e) with a further beam pulse, irradiating a further portion of the film 
sample, wherein the further portion is provided at a distance from the at least one 
portion that substantially corresponds to the predetermined distance; and 

10 (f) allowing the further portion of the film sample to re-solidify, the re- 

solidified at least one portion being composed of a third area and a fourth area, 

wherein the third area surrounds the fourth area, and wherein at least one 
section of the third area at least partially overlaps at least one section of the first area, 
and 

1 5 wherein, upon the re-solidification thereof, the third area has laterally grown 

grains, and the fourth area has a nucleated region. 

7. The method according to claim 6, wherein the fourth area is composed of 
edges which are provided away from edges of the second area. 

20 

8. The method according to claim 6, wherein the fourth area is composed of 
edges which approximately border edges of the second area, and wherein the edges of 
the fourth area do not extend into any section of the first area. 

25 9. The method according to claim 6, wherein the at least one beam pulse has a 
fluence which is substantially the same as a fluence of the further beam pulse. 

10. The method according to claim 6, wherein the at least one beam pulse has a 
fluence which is different from a fluence of the further beam pulse. 

30 
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11. The method according to claim 1 , further comprising the steps of: 

(g) translating the thin film sample for a predetermined distance; and 

(h) irradiating a further portion of the film sample using at least one beam 
pulse, wherein the further portion is provided at a distance from the at least one 

5 portion that substantially corresponds to the predetermined distance, and wherein 
steps (d) and (e) are provided to control a width of the first area. 

12. The method according to claim 1 , wherein the film sample is one of a pre- 
patterned silicon thin film sample and a continuous silicon thin film sample. 

10 

13 . The method according to claim 1 , wherein the electronic device is a thin film 
transistor. 

14. The method according to claim 1 , further comprising the steps of: 

1 5 (i) translating the thin film sample for a predetermined distance; 

(j) irradiating a further portion of the film sample using at least one beam 
pulse, wherein the further portion is provided at a distance from the at least one 
portion that substantially corresponds to the predetermined distance; and 

(k) repeating steps (i) and (j) for additional portions of the film sample 
20 without stopping the translation of the film sample after the completion of the 
repeated step (j). 

15. The method according to claim 14, wherein step (i) delivers the film sample to 
a first relative pre-calculated position of the further portion of the film sample to be 

25 irradiated, and wherein, after step (k), the film sample is provided at a second relative 
pre-calculated position whose distance is different from the predetermined distance. 

16. The method according to claim 1, further comprising the steps of: 
(1) translating the thin film sample for a predetermined distance; 

30 (m) stopping the translation of the film sample, and allowing vibrations of 

the film sample to settle; and 
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(n) after step (m), irradiating a further portion of the thin film using at least 
one beam pulse, wherein the further portion is provided at a distance from the at least 
one portion that substantially corresponds to the predetermined distance. 

5 17. The method according to claim 1 , further comprising the steps of: 

(o) after step (c), irradiating the at least one portion of the film sample 
with a further beam pulse; and 

(p) after step (o), allowing the at least one portion of the film sample to re- 
solidify. 

10 

18. The method according to claim 17, wherein a fluence of the at least one beam 
pulse is different from a fluence of the further beam pulse. 

19. The method according to claim 1 8, wherein the fluence of the further beam 
1 5 pulse is less than the fluence of the at least one beam pulse. 

20. The method according to claim 1, further comprising the step of: 

(a) after step (c), determining a location of the first area so as to avoid a 
placement of the active region of the electronic device thereon. 



21. The method according to claim 1, wherein the at least one beam pulse includes 
a plurality of beamlets, and wherein the first and second areas are irradiated by the 
beamlets. 

25 22. The method according to claim 1, wherein the film sample is one of a silicon 
thin film sample and a metal thin film sample. 



20 



23. The method according to claim 1, wherein the thin film sample is composed of 
at least one of silicon, germanium, and a compound of silicon germanium. 
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24. The method according to claim 1 , wherein the thin film has a thickness 
approximately between 1 00A and 1 0,OOOA. 

25. The method according to claim 1, further comprising the step of: 

5 (r) before step (b), masking portions of the at least one beam pulse to 

produce at least one masked beam pulse, wherein the at least one masked beam pulse 
is used to irradiate the at least one portion of the film sample in step (b). 

26. The method according to claim 1 , wherein the large grains provided in the first 
1 0 area are laterally-grown grains. 

27. The method according to claim 26, wherein the laterally-grown grains of the 
first area are equiaxed grains. 

15 28. A method for processing a thin film sample, comprising the steps of: 

(a) controlling a beam generator to emit at least one beam pulse; 

(b) with the at least one beam pulse, irradiating at least one portion of the 
film sample with an intensity that is sufficient to fully melt at least one section of the 
film sample throughout its thickness, the at least one beam pulse having a 

20 predetermined shape; 

(c) allowing the at least one portion of the film sample to re-solidify, the 
re-solidified at least one portion being composed of a first area and a second area, 
wherein the first area surrounds the second area, and wherein, upon the re- 
solidification thereof, the first area has large grains, and the second area has a small- 

25 grained region formed through nucleation; 

(d) translating the thin film sample for a predetermined distance; and 

(e) irradiating a further portion of the thin film using a further beam pulse, 
wherein the further portion is provided at a distance from the at least one portion that 
substantially corresponds to the predetermined distance, wherein steps (b) though (e) 

30 are provided to control a width of the first area, and wherein the second area has a 
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cross-section to allow an active region of an electronic device to be facilitated 



thereon. 



29. The method according to claim 28, wherein the second area corresponds to at 
5 least one pixel. 

30. The method according to claim 28, 

wherein the first area has a first border and a second border which is provided 
opposite and parallel to the first border of the first area, 
1 0 wherein the second area has a third border and a fourth border which is 

provided opposite and parallel to the third border of the second area, and 

wherein a distance between the first border and the second border is smaller 
than a distance between the third border and the fourth 

15 31. The method according to claim 28, wherein the second area has a cross- 
section for facilitating thereon all portions of the electronic device. 

32. The method according to claim 28, wherein a size and a position of the first 
area with respect to the second area are provided such that the first area provides 

20 either no effect or a negligible effect on a performance of the electronic device. 

33. The method according to claim 28, further comprising the steps of: 

(f) after step (e), allowing the further portion of the film sample to re- 
solidify, the re-solidified at least one portion being composed of a third area and a 
25 fourth area, 

wherein the third area surrounds the fourth area, and wherein at least one 
section of the third area at least partially overlaps at least one section of the first area, 
and 



30 



wherein, upon the re-solidification thereof, the third area has laterally grown 
grains, and the fourth area has a nucleated region. 
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34. The method according to claim 33, wherein the fourth area is composed of 
edges which are provided away from edges of the second area. 

35. The method according to claim 33, wherein the fourth area is composed of 

5 edges which approximately border edges of the second area, and wherein the edges of 
the fourth area do not extend into any section of the first area. 

36. The method according to claim 28, wherein the at teast one beam pulse has a 
fluence which is substantially the same as a fluence of the further beam pulse. 

10 

37. The method according to claim 28, wherein the at least one beam pulse has a 
fluence which is different from a fluence of the further beam pulse. 

3 8. The method according to claim 28, wherein the film sample is one of a pre- 
15 patterned silicon thin film sample and a continuous silicon thin film sample. 

39. The method according to claim 28, wherein the electronic device is a thin film 
transistor. 

20 40. The method according to claim 28, further comprising the steps of: 

(g) repeating steps (d) and (e) on additional portions of the film sample 
without stopping the translation of the film sample. 

41 . The method according to claim 40, wherein step (d) delivers the film sample 
25 to a first relative pre-calculated position of the further portion of the film sample to be 
irradiated, and wherein, after step (e), the film sample is provided at a second relative 
pre-calculated position whose distance is different from the predetermined distance. 



30 



42. The method according to claim 28, further comprising the steps of: 

(h) after step (d), stopping the translation of the film sample, and allowing 
vibrations of the film sample to settle; and 
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(i) after step (h), irradiating a further portion of the thin film using at least 
one beam pulse, wherein the further portion is provided at a distance from the at least 
one portion that substantially corresponds to the predetermined distance. 

5 43 . The method according to claim 42, wherein a fluence of the at least one beam 
pulse is different from a fluence of the further beam pulse. 

44. The method according to claim 43, wherein the fluence of the further beam 
pulse is less than the fluence of the at least one beam pulse. 

10 

45. The method according to claim 28, wherein the at least one beam pulse 
includes a plurality of beamlets, and wherein the first and second areas are irradiated 
by the beamlets. 

1 5 46. The method according to claim 28, wherein the film sample is one of a silicon 
thin film sample and a metal thin film sample. 

47. The method according to claim 28, wherein the thin film sample is composed 
of at least one of silicon, germanium, and a compound of silicon germanium. 

20 

48. The method according to claim 28, wherein the thin film has a thickness 
approximately between 100 A and 10,000 A. 

49. The method according to claim 28, further comprising the step of: 

25 (j) before step (b), masking portions of the at least one beam pulse to 

produce at least one masked beam pulse, wherein the at least one masked beam pulse 
is used to irradiate the at least one portion of the film sample in step (b). 

50. The method according to claim 28, wherein the large grains provided in the 
30 first area are laterally-grown grains. 
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5 1 . The method according to claim 50, wherein the laterally-grown grains of the 
first area are equaled grains. 

52. A system for processing a thin film sample, comprising: 
5 a processing arrangement which is configured to: 

(a) control a beam generator to emit at least one beam pulse which is 
sufficient to fully melt at least one section of the film sample 
throughout its thickness, 

(b) control a translation stage such that at least one portion of the film 
10 sample is irradiated with the at least one beam pulse, the at least one 

beam pulse having a predetermined cross section, 
wherein the at least one portion of the film sample is allowed to re-solidify, 
the re-solidified at least one portion being composed of a first area and a second area, 
wherein, upon the re-solidification thereof, the first area has large grains, and 
15 the second area has a small-grained region formed through nucleation, 

wherein the first area surrounds the second area and has a grain structure 
which is different from a grain structure of the second area, and 

wherein the second area is configured to facilitate thereon an active region of 
an electronic device. 

20 

53. The system according to claim 52, wherein the second area corresponds to at 
least one pixel. 

54. The system according to claim 52, 

25 wherein the first area has a first border and a second border which is provided 

opposite and parallel to the first border of the first area, 

wherein the second area has a third border and a fourth border which is 
provided opposite and parallel to the third border of the second area, and 

wherein a distance between the first border and the second border is smaller 
30 than a distance between the third border and the fourth border. 
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55. The system according to claim 52, wherein the second area has a cross-section 
for facilitating thereon all portions of the electronic device. 

56. The system according to claim 52, wherein a size and a position of the first 
5 area with respect to the second area are provided such that the first area provides 

either no effect or a negligible effect on a performance of the electronic device, 

57. The system according to claim 52, wherein the processing arrangement is 
further configured to: 

1 0 (c) control the translation stage to translate the thin film sample for a 

predetermined distance, and 
(d) control the laser beam generator to irradiating a further portion of the 
film sample with a fiirther beam pulse, the further portion being 
provided at a distance from the at least one portion that substantially 
1 5 corresponds to the predetermined distance, 

wherein the further portion of the film sample is allowed to re-solidify, the re- 
solidified at least one portion being composed of a third area and a fourth area, 

wherein the third area surrounds the fourth area, and wherein at least one 
section of the third area at least partially overlaps at least one section of the first area, 
20 and 

wherein, upon the re-solidification thereof, the third area has laterally grown 
grains, and the fourth area has a nucleated region. 

58. The system according to claim 57, wherein the fourth area is composed of 
25 edges which are provided away from edges of the second area. 

59. The system according to claim 57, wherein the fourth area is composed of 
edges which approximately border edges of the second area, and wherein the edges of 
the fourth area do not extend into any section of the first area. 



30 
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60. The system according to claim 52, wherein the at least one beam pulse has a 
fluence which is substantially the same as a fluence of the further beam pulse. 

61. The system according to claim 52, wherein the at least one beam pulse has a 
fluence which is different from a fluence of the further beam pulse. 

62. The system according to claim 52, wherein the processing arrangement is 
further configured to: 

(e) control the translation stage to translate the thin film sample for a 
predetermined distance, and 

(f) control the laser beam generator to iiTadiate a further portion of the 
film sample using at least one beam pulse, wherein the further portion 
is provided at a distance from the at least one portion that substantially 
corresponds to the predetermined distance, and wherein the processing 
arrangement irradiates the at least one portion and allows the at least 
one portion to re-solidify to control a width of the first area. 

63. The system according to claim 52, wherein the film sample is one of a pre- 
patterned silicon thin film sample and a continuous silicon thin film sample. 

64. The system according to claim 52, wherein the electronic device is a thin film 
transistor. 

65. The system according to claim 52, wherein the processing arrangement is 
further configured to: 

(g) control the translation stage to translate the thin film sample for a 
predetermined distance, 

(h) control the laser beam generator to irradiate a further portion of the 
film sample using at least one beam pulse, wherein the further portion 
is provided at a distance from the at least one portion that substantially 
corresponds to the predetermined distance; and 
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(i) repeat procedures (g) and (h) for additional portions of the film sample 
without stopping the translation of the film sample after the completion 
of the repeated procedure (i). 

5 66. The system according to claim 65, wherein the processing arrangement 
performs procedure (g) to deliver the film sample to a first relative pre-calculated 
position of the further portion of the film sample to be irradiated, and wherein, after 
the processing arrangement performs procedure (i), the film sample is provided at a 
second relative pre-calculated position whose distance is different from the 
10 predetermined distance. 

67. The system according to claim 52, wherein the processing arrangement is 
further configured to: 

0) control the translation stage to translate the thin film sample for a 
1 5 predetermined distance, stop the translation of the film sample, and 

allow vibrations of the film sample to settle, and 
(k) after procedure (j), control the laser beam generator to irradiate a 

further portion of the thin film using at least one beam pulse, wherein 
the further portion is provided at a distance from the at least one 
20 portion that substantially corresponds to the predetermined distance. 

68. The system according to claim 52, wherein the processing arrangement is 
further configured to: 

(1) after procedure (b), control the laser beam generator to irradiate the at 
25 least one portion of the film sample with a further beam pulse, and 

(m) after procedure (1), allow the at least one portion of the film sample to 
re-solidify. 



30 



69. The system according to claim 58, wherein a fluence of the at least one beam 
pulse is different from a fluence of the further beam pulse. 
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70. The system according to claim 69, wherein the fluence of the further beam 
pulse is less than the fluence of the at least one beam pulse. 

7 1 . The system according to claim 52, wherein the at least one beam pulse 

5 includes a plurality of beamlets, and wherein the first and second areas are irradiated 
by the beamlets. 

72. The system according to claim 52, wherein the film sample is one of a silicon 
thin film sample and a metal thin film sample. 

10 

73. The system according to claim 52, wherein the thin film sample is composed 
of at least one of silicon, germanium, and a compound of silicon germanium. 

74. The system according to claim 52, wherein the thin film has a thickness 
15 approximately between 100A and 10,000 A. 



75. The system according to claim 52, wherein the processing arrangement is 
further configured to: 

(1) during procedure (b), mask portions of the at least one beam 
20 pulse to produce at least one masked beam pulse, wherein the at least 

one masked beam pulse is used to irradiate the at least one portion of 
the film sample in procedure (b). 

76. The system according to claim 52, wherein the large grains provided in the 
25 first area are laterally-grown grains. 

77. The system according to claim 76, wherein the laterally-grown grains of the 
first area are equiaxed grains. 

30 78. A system for processing a thin film sample, comprising: 
a processing arrangement which is configured to: 
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(a) control a beam generator to emit at least one beam pulse which has an 
intensity which is sufficient to fully melt at least one section of the film 
sample throughout its entire thickness, 

(b) control a translation stage such that at least one portion of the film 

5 sample is irradiated with the at least one beam pulse, the at least one 

beam pulse having a predetermined cross section, wherein the at least 
one portion of the film sample is allowed to re-solidify, the re- 
solidified at least one position being composed of a first area and a 
second area, and wherein, upon the re-solidification thereof, the first 
10 area has large grains, and the second area has a small-grained region 

formed through nucleation, 

(c) control the translation stage to translate the thin film sample for a 
predetermined distance, and 

(d) control the laser beam generator to irradiate a further portion of the 

1 5 thin film using a further beam pulse, the further portion being provided 

at a distance from the at least one portion that substantially 
corresponds to the predetermined distance, 
wherein procedures (b) through (d) are provided to control a width of the first 
area, and 

20 wherein a width of the second area is configured to facilitate thereon an active 

region of an electronic device. 



79. The system according to claim 78, wherein the second area corresponds to at 
least one pixel, 

25 

80. The system according to claim 78, 

wherein the first area has a first border and a second border which is provided 
opposite and parallel to the first border of the first area, 

wherein the second area has a third border and a fourth border which is 
30 provided opposite and parallel to the third border of the second area, and 
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wherein a distance between the first border and the second border is smaller 
than a distance between the third border and the fourth border. 

81 . The system according to claim 80, wherein, upon the re-solidification of the 
5 film sample, a nucleated region is formed in the second area. 

82. The system according to claim 78, wherein the second area has a cross-section 
for facilitating thereon all portions of the electronic device. 

10 83. The system according to claim 78, wherein a size and a position of the first 
area with respect to the second area are provided such that the first area provides 
either no effect or a negligible effect on a performance of the electronic device. 

84. The system according to claim 78, 

1 5 wherein the further portion of the film sample is allowed to re-solidify, the re- 

solidified at least one portion being composed of a third area and a fourth area, and 
wherein the third area surrounds the fourth area, 

wherein at least one section of the third area at least partially overlaps at least 
one section of the first area, and 

20 wherein, upon the re-solidification thereof, the third area has laterally grown 

grains, and the fourth area has a nucleated region, 

85. The system according to claim 84, wherein the fourth area is composed of 
edges which are provided away from edges of the second area. 



86. The system according to claim 84, wherein the fourth area is composed of 
edges which approximately border edges of the second area, and wherein the edges of 
the fourth area do not extend into any section of the first area. 



25 



30 



87. The system according to claim 78, wherein the at least one beam pulse has a 
fluence which is substantially the same as a fluence of the further beam pulse. 
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88. The system according to claim 78, wherein the at least one beam pulse has a 
fluence which is different from a fluence of the further beam pulse. 

5 89. The system according to claim 78, wherein the film sample is one of a pre- 
patterned silicon thin film sample and a continuous silicon thin film sample. 

64. The system according to claim 78, wherein the electronic device is a thin film 
transistor. 



10 



15 



9 1 . The system according to claim 78, wherein the processing arrangement is 
further configured to: 

(e) repeat procedures (c) and (d) on additional portions of the film sample 
without stopping the translation of the film sample. 



92. The system according to claim 89, wherein procedure (c) delivers the film 
sample to a first relative pre-calculated position of the further portion of the film 
sample to be irradiated, and wherein, after procedure (d), the film sample is provided 
at a second relative pre-calculated position whose distance is different from the 

20 predetermined distance. 

93. The system according to claim 78, wherein the processing arrangement is 
further configured to: 

(f) after procedure (e), control the translation stage to stop the translation 
25 of the film sample, and allow vibrations of the filrn sample to settle, 

and 

(g) after procedure (f), control the laser beam generator to irradiate a 
farther portion of the thin film using at least one beam pulse, wherein 
the further portion is provided at a distance from the at least one 

30 portion that substantially corresponds to the predetermined distance. 
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94. The system according to claim 93, wherein a fluence of the at least one beam 
pulse is different from a fluence of the further beam pulse. 

95. The system according to claim 93, wherein the fluence of the further beam 
5 pulse is less than the fluence of the at least one beam pulse. 

96. The system according to claim 78, wherein the at least one beam pulse 
includes a plurality of beamlets, and wherein the first and second areas are irradiated 
by the beamlets. 

10 

97. The system according to claim 78, wherein the film sample is one of a silicon 
thin film sample and a metal thin film sample. 

98. The system according to claim 78, wherein the thin film sample is composed 
15 of at least one of silicon, germanium, and a compound of silicon germanium. 

99. The system according to claim 78, wherein the thin film has a thickness 
approximately between 100A and 10,000A. 

20 100. The system according to claim 78, wherein the processing arrangement is 
further configured to: 

(1) during procedure (b), mask portions of the at least one beam 
pulse to produce at least one masked beam pulse, wherein the at least 
one masked beam pulse is used to irradiate the at least one portion of 

25 the film sample in procedure (b). 

101 . The system according to claim 78, wherein the large grains provided in the 
first area are laterally-grown grains. 

30 102. The system according to claim 101, wherein the laterally-grown grains of the 
first area are equiaxed grains. 
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103. A thin film sample, comprising: 

at least one section irradiated by at least one beam pulse which fully 
melts the at least one section of the sample throughout its thickness, 

wherein the at least one portion of the film sample is re-solidified to include a 
5 first area and a second area, 

wherein, upon the re-solidification of the at least one section, the first area 
includes large grains, and the second area includes a region formed through 
nucleation, 

wherein the first area surrounds the second area and has a grain structure 
1 0 which is different from a grain structure of the second area, and 

wherein the second area is configured to facilitate thereon an active region of 
an electronic device. 



1 04. A thin film sample, comprising: 
15 a first area having large grains; and 

a second area being surrounded by the first area and including a region 
formed through nucleation of at least one section of the thin film in which the second 
area is situated, 

wherein the first area has a grain structure which is different from a grain 
20 structure of the second area, and 

wherein the second area is configured to facilitate thereon an active region of 
an electronic device. 
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A METHOD TO INCREASE DEVICE-TO-DEVICE UNIFORMITY FOR, 
POLYCRYSTALLINE THIN-FILM TRANSISTORS BY DELIBERATELY MIS- 
ALIGNING THE MICROSTRUCTURE RELATIVE TO THE CHANNEL REGION 

SPECIFICATION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is based on United States provisional patent application serial 

no. 60/315,181, filed August 27, 2001, which is incorporated herein by reference for all 
purposes and from which priority is claimed. 

BACKGROUND OF THE INVENTION 
[0002] Technical Field. The present invention relates to semiconductor processing 

techniques, and more particularly, techniques for fabricating semiconductors suitable for use at 
thin-film transistor ("TFT") devices. 

[0003] Background Art Semiconductor films, such as silicon films, are known to be 

used for providing pixels for liquid crystal display devices and organic light emitting diode 
display devices. Such films are commonly processed via excimer laser annealing ("ELA") 
methods, where an amorphous silicon film is irradiated by an excimer laser to be crystallized. 
[0004] Significant effort has gone into the refinement of "conventional" ELA (also 

known as line-beam ELA) processes in the attempt to improve the performance of the TFT 
devices placed on the processed semiconductor thin films. For example, U.S. Patent No. 
5,766,989 issued to Maegawa et al., the entire disclosure of which is incorporated herein in its 
entirety by reference, describes the ELA methods for forming polycrystalline thin film and a 
method for febricating a TFT. The '989 patent attempts to address the problem of non- 
uniformity of characteristics across the substrate, and provide certain options for apparently 
suppressing such non-uniformities. 

[0005] However, the details of the beam-shaping approach used in conventional ELA 

methods make it extremely difficult to reduce the non-uniformities in the semiconductor films 
and to improve the performance characteristics of such films. For example, in a low- 
temperature polycrystalline silicon ("LIPS") process, when the size of the grains becomes 



WO 03/018882 



PCT/US02/27246 



comparable to the dimensions of the channel region of the TFT, large device-to-device non- 
uniformity results. This is caused by the randomness of the microstructure, Le., the random 
location of the grains and thus the grain boundaries. Such non-uniformity, especially when 
perpendicular to the current flow, can act as a current barrier. Further, when the transistor is in 
its off-state, carriers are generated at the grain boundary, which contribute to the off-current 
This is especially the case when the grain boundary is in or close to the drain-channel junction. 
[0006] Therefore, it has been realized that control over the microstructure is needed in 

order to ensure a uniform TFT process, both with respect to periodicity and location. Regarding 
the former, the film should be uniform, exhibiting periodicity in the location of the grains and 
thus the grain boundaries. Regarding the latter, the location of the grains and thus the grain 
boundaries should be controlled so that their contribution to the electrical characteristics is the 
same for every single device. 

[0007] In an pulsed-laser, e.g., an excimer laser, irradiaton process to obtain LIPS films, 

control over the TFT microstructure may be obtained through the use lithography to induce such 
periodicity. The use of lithography also accounts for location control, since the accurate 
alignment procedure of the lithographic process is used. Unfortunately, the use of lithography 
requires at lease one extra processing step, which in turn increases complexity and thus costs. 
[0008] Alternatively, control over the TFT microstructure may be obtained through the 

use of sequential lateral solidification ("SLS") techniques. For example, in U.S. Patent No. 
6,322,625 issued to Im and U.S. patent application serial no. 09/390,537 (the m 537 application"), 
which is assigned to the common assignee of the present application, the entire disclosijres of 
which are incorporated herein by reference, particularly advantageous apparatus and methods 
for growing large grained polycrystalline or single crystal silicon structures using energy- 
controllable laser pulses and small-scale translation of a silicon sample to implement sequential 
lateral solidification have been described. As described in these patent documents, at least 
portions of the semiconductor film on a substrate are irradiated with a suitable radiation pulse to 
completely melt such portions of the film throughout their thickness. In this manner, when the 
molten semiconductor material solidifies, a crystalline structure grows into the solidifying 
portions from selected areas of the semiconductor film which did not undergo a complete 
melting. Thereafter, the beam pulses irradiate slightly ofiset from the crystallized areas so that 
the grain structure extends into the molten areas from the crystallized areas. 
[0009] Using the system shown in Fig. 1, an amorphous silicon thin film sample is 

processed into a single or polycrystalline silicon thin film by generating a plurality of excimer 
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laser pulses of a predetermined fluence, controllably modulating the fluenee of the excimer laser 
pulses, homogenizing the modulated laser pulses in a predetermined plane* masking portions of 
the homogenized modulated laser pulses into patterned beamlets, irradiating an amorphous 
silicon thin film sample with the patterned beamlets to effect melting of portions thereof 
corresponding to the beamlets, and controllably translating the sample with respect to the 
patterned beamlets and with respect to the controlled modulation to thereby process the 
amorphous silicon thin film sample into a single or polycrystalline silicon thin film by sequential 
translation of the sample relative to the patterned beamlets and irradiation of the sample by 
patterned beamlets of varying fluence at corresponding sequential locations thereon. 
[0010] While the system of Fig. 1 is highly advantageous in generating uniform, high 

quality polycrystalline silicon and single crystal silicon which exhibit periodicity and thereby 
solves a problem inherent with conventional ELC techniques, the technique does adequately not 
account for control over grain boundaries. For example, in the simplest form, SLS requires two 
pulses to crystallize the amorphous precursor into an LIPS film with partial periodicity, e.g., the 
2-shot material shown schematically in Figure 2a. The periodicity is only in one direction, 
shown by long grain boundaries 210, 220, 230, 240, 250 that are parallel to each other and 
which also have a protrusion to them. However, the position of the short grain boundaries is not 
at all controlled. The spacing between the pairallel grain boundaries can be increased, and this 
material is in general called n-shot material. Likewise, Figure 2b shows a so-called 4-shot 
material in which the grain boundaries are periodic in both directions. Again, the spacing 
between the grain boundaries can be increased, and is generally referred to as 2n-shot material. 
[001 1] While SLS techniques offer periodicity, such techniques do not offer accurate 

control of the location of grain boundaries. Referring to Figures 2c-d, the LTPS film produced 
includes a varying number of long grain boundaries perpendicular to the current flow, and the 
possibility of having a perpendicular grain boundary in or out of a TFT drain region. Both 
problems become more severe when grain size is increasing and/or when channel dimensions 
are decreasing, i.e., when the size of the grains becomes comparable to the dimensions of the 
channel region. While there has been a suggestion in United States Patent No. 6,177,301 to 
Jung to misalign TFT channel regions with respect to the grain growth direction, that suggestion 
is made without taking into account the underlying need to maintain uniformity in TFT 
microstructure. Accordingly, there exists a need for a TFT manufacturing technique that 
provides for control over both the periodicity of grain boundaries and the location of TFTs in 
order to provide for uniformity in TFT microstructure. 
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SUMMARY OF THE INVENTION 
[0012] An object of the present invention is to provide a TFT manufacturing technique 

that provides for control over both the periodicity of grain boundaries and the location of TFTs 
in order to provide for uniformity in TFT microstructure. 

[0013] Another object of the present invention is to provide a device having uniformity 

in TFT microstructure. 

[0014] In order to meet these and other objects of the present invention which will 

become apparent with reference to further disclosure set forth below, the present invention 
provides methods of making a polycrystalline silicon thin-film transistor having a uniform 
microstructure. One exemplary method requires receiving a polycrystalline silicon thin film 
having a grain structure which is periodic in at least a first direction, and placing at least portions 
of one or more thin-film transistors on the received film such that they are tilted relative to the 
periodic structure of said thin film. The polycrystalline silicon thin film may be formed by a 
sequential lateral solidification process, e.g., a two shot sequential lateral solidification process. 
[0015] Advantageously, the portions of said one or more thin-film transistors may be 

active channel regions having a width W. Where the periodic structure of the thin film is A and 
m is a variable, the placing step involves placing active channel regions on the received film 
such that they are tilted at an angle 0 relative to said periodic structure of said thin film, where 
W sin(0) = ml The variable m is selected such that that the number of grain boundaries in any 
of the one or more thin-film transistors remains relatively controlled, and is preferably 
approximately equal to an integer. 

[0016] The present invention also provides a device including a polycrystalline silicon 

thin-film transistor having a uniform microstructure. In an exemplary embodiment, the device 
includes polycrystalline silicon thin film having a grain structure which is periodic in at least a 
first direction, and at least portions of one or more thin-film transistors, placed on the thin film 
such that they are tilted relative to said periodic structure of the film. 
[0017] The accompanying drawings, which are incorporated and constitute part of this 

disclosure, illustrate preferred embodiments of the invention and serve to explain the principles 
of the invention 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Fig. 1 is a functional diagram of a prior art system for performing semiconductor 

processing including sequential lateral solidification; 
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[0019] Figs. 2a-b are illustrative diagrams showing exemplary processed silicon samples 

using the prior art system of Fig. 1 ; 

[0020J Figs. 2c-d are illustrative diagrams showing the prior art placement of active 

channel regions ofTFTs on the exemplary processed silicon samples shown in Fig. 2a; 
[0021] Figs 3arb. are illustrative diagrams showing the placement of active channel 

region ofTFTs on the exemplary processed silicon samples shown in Fig. 2a in accordance 
with the present invention; 

[0022] Figs 4a-b. are illustrative diagrams showing the placement of active channel 

region ofTFTs on the exemplary processed silicon samples shown in Fig. 2a in accordance 
with the present invention; and 

[0023] Figs 5a-b. are illustrative diagrams showing the placement of active channel 

region ofTFTs on the exemplary processed silicon samples shown in Fig. 2a in accordance 
with the present invention. 

[0024] Throughout the Figs., the same reference numerals and characters, unless 

otherwise stated, are used to denote like features, elements, components or portions of the 
illustrated embodiments. Moreover, while the present invention will now be described in detail 
with reference to the Figs., it is done so in connection with the illustrative embodiments. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] Referring again to Figs. 2a-b, exemplary processed silicon thin films using the 

prior art SLS system of Fig. 1 are shown. In particular, Fig. 2a illustrates a sample processed by 
irradiating a region with a single excimer laser pulse, micro-translating the sample, and 
irradiating the region with a second excimer laser pulse. While the following exemplary 
description of the invention will be with respect to this so-called H 2-shot fl material as an 
example, those skilled in the art will appreciate that the present invention is more broadly 
applicable to silicon thin films that have been processed with n-shot and 2n-shot SLS 
techniques. 

[0026] In accordance with the present invention, active channel regions ofTFTs are 

deliberately tilted relative to the periodic microstructure of the processed thin film. Such tilting 
may be accomplished by tilting the placement of the channel region itself on the processed thin 
film, or alternatively, by fabricating a thin film during SLS processing which includes a tilted 
periodic grain structure. A combination of both alternatives may also be employed. 
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[0027] The precise methodology for placing TFTs on the processed thin film is not 

important to the present invention, and hence any known technique may be employed,. One 
exemplary technique is disclosed in U.S. Patent No. 5,766,989 to Maegawa et al., the contents of 
which are incorporated by reference herein. 

[0028] When the active channel regions of TFTs are deliberately tilted relative to the 

periodic microstructure of the processed thin film., the spread in the number of perpendicular or 
long grain boundaries becomes less, leading to an increased device-to-device uniformity. In 
accordance with the present invention, the tilting angle (8) should, however, not be too large, as 
not to increase the influence of the parallel, or short, grain boundaries. The ideal value of 0 can 
be derived fiom equation (1), in which W is the width of the channel region, X is the spacing 
between the perpendicular grain boundaries, and m is preferably close to an integer in value: 

W*sin(0)=m*X, (1) 
[0029] In order to measure performance N of the TFT, equation (2) may be employed, 

where L is the length of the channel region, and n is a determined ratio: 

Lcos(9) = n*X, (2) 
[0030] In equation (2), a lower value of the ration n implies increased performance. L is 

often defined by the design rule of the process and is equal for all TFTs, and typically ranges 
from 3 to 6 pm. W, however, can be adjusted to match the requirements on the TFT properties, 
and typically ranges from 10 to 100s pm. The spacing X between the perpendicular brain 
boundaries typically ranges fiom 2 to 10 pm , but smaller and larger values are possible. 
[0031] Referring next to Figs. 3a-b, a first example of the present invention will be 

described. In this example, die ratio n =1, m =1, and G = 10 degrees. As shown in Figs. 3a-b, 
all devices contain one perpendicular grain boundary, regardless of any translation of the TFT 
device, e.g., from the position shown in Fig 3a to that shown in Fig. 3b. 
[0032] Referring next to Figs. 4a-b, a second example of the present invention will be 

described, hi this example, the ration = 0.5, m = 1, and 9 = 10 degrees. As shown in Figs. 4a- 
b, the channel region contains two portions, a first 410 in which one perpendicular grain 
boundary is present, and a second 420 in which no perpendicular grain boundary is present 
[0033] In latter portion 420, the device exhibits behavior as that of a TFT in fiiUy 

directionally solidified material in which carriers are not hampered by grain boundaries. As 
shown in Figs. 4a-b, the relative contribution of each of these two parts is again invariable to any 
translation of the device, e.g., fiom the position shown in Fig 4a to that shown in Fig. 4b. 
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[0034] While the examples shown in Figs, 3-4 are considered to be the ideal scenarios, 

where mis an integer, small deviations from use of an integer value may be used in accordance 
with the present invention. However, the deviation from an integer value must be selected such 
that the number of grain boundaries in any given TFT remains relatively controlled. 
[0035| Referring next to Figs. 5a-b, further examples of the present invention will be 

described InFig. 5a, the ration = 2.1, m=l, and 0 = 10 degrees; in Fig. 5b, the ration =2.1, 
m = 0.5, and 6 = 5 degrees. As shown in Figs. 5a-b, for the ideal value of 9, the number of grain 
boundaries is again invariable to any translation of the device. However, when 9 deviates from 
this value, translations increasingly change the number of grain boundaries. When n equals, or 
is very close to, an integer the number of grain boundaries is essentially invariant for changes in 
9. Of course it should exceed a certain value to assure that the fraction of perpendicular grain 
that is in the drain region is also invariant to translations. 

[0036] The foregoing merely illustrates the principles of the invention. Various 

modifications and alterations to the described embodiments will be apparent to those skilled in 
the art in view of the teachings herein. It will thus be appreciated that those skilled in the art will 
be able to devise numerous systems and methods which, although not explicitly shown or 
described herein, embody the principles of the invention and are thus within the spirit and scope 
of the invention. 
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CLAIMS 

1. A method of making a polycrystalline device including two or more thin-film 
transistors of substantially uniform microstructure, comprising the steps of: 

(a) receiving a polycrystalline silicon thin film having a grain structure which is 
periodic in at least a first direction; and 

(b) placing at least portions of two or more thin- film transistors on said received 
film tilted at an angle relative to said periodic structure of said thin film, such that that the 
number of long grain boundaries in any of said portions remains substantially uniform. 

2. The method of claim 1, wherein said receiving step comprises the step of receiving a 
polycrystalline silicon thin film formed by a sequential lateral solidification process. 

3. The method of claim 1, wherein said portions of said two or more thin-film transistors 
comprise active channel regions having a width W. 

4. The method of claim 3, wherein said periodic structure of said thin film is X, m is a 
variable, and said placing step comprises the step of placing said active channel regions on 
said received film such that said active channel regions are tilted at an angle 6 relative to said 
periodic structure of said thin film, where W sin(0) = mi 

5. The method of claim 4, wherein m substantially equal to an integer. 

6. The method of claim 4, wherein m is equal to an integer. 

7. The method of claim 4, wherein m is equal to the integer 1 . 

8. A method of making a device including thin-film transistors, comprising the steps of: 

(a) receiving a polycrystalline silicon thin film having a grain structure which is 
periodic in at least a first direction in an amount X; and 

(b) placing at least portions of one or more thin-film transistors having a width W 
on said received film tilted at an angle 8 relative to said periodic structure X of said thin film, 
such that W sin(0) s mA, where m is substantially equal to an integer. 
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9. The method of claim 8, wherein said receiving step comprises the step of receiving a 
polycrystalline silicon thin film formed by a sequential lateral solidification process, 

10. The method of claim 8, wherein said portions of said one or more thin-film transistors 
comprise active channel regions having a width W. 

11. The method of claim 10, wherein m is equal to an integer. 

12. The method ofclaim 10, wherein mis equal to the integer 1. 

13. A device including two or more polycrystalline silicon thin-film transistors of 
substantially uniform microstructure, comprising: 

(a) a polycrystalline silicon thin film having a grain structure which is periodic in 
at least a first direction; and 

(b) at least two or more thin-film transistor portions placed on said received film, 
each tilted at an angle relative to said periodic structure of said thin fi1m 3 such that that the 
number of long grain boundaries in any of said portions remains substantially uniform. 

14. The device of claim 13, wherein said polycrystalline silicon thin film comprises thin 
film formed by a sequential lateral solidification process. 

15. The device ofclaim 13, wherein said portions of said two or more thin-film transistors 
comprise active channel regions having a width W. 

16. The device of claim 13, wherein said periodic structure of said thin film is X, m is a 
variable, and said active channel regions are tilted at an angle 6 relative to. said periodic 
structure of said thin film, where W sin(0) =mX. 

17. The device of claim 16, wherein m is substantially equal to an integer. 

18. The device of claim 16, wherein m is equal to an integer. 

19. The device of claim 1 6, wherein m is equal to the integer 1 . 
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(57) Abstract: Method and system for generating a metal thin film with a uniform crystalline orientation and a controlled crystalline 
microstructure are provided. For example, a metal layer is irradiated with a pulsed laser to completely melt the film throughout its 
entire thickness. The metal layer can then resolidify to form grains with a substantially uniform orientation. The resolidified metal 
layer can be irradiated with a sequential lateral solidification technique to modify the crystalline microstructure (e.g., create larger 
grains, single-crystal regions, grain boundary controlled microstnictures, etc.) The metal layer can be irradiated by patterning a beam 
using a mask which includes a first region capable of attenuating the pulsed laser and a second region allowing complete irradiation 
of sections of the thin film being impinged by the masked laser beam. An inverse dot-patterned mask can be used, the microstructure 
that may have substantially the same as the geometric pattern as that of the dots of the mask. 
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Method and System for Providing a Thin Film with a Controlled Crystal Orientation 
Using Pulsed Laser Induced Melting and Nucleation-Ihitiated Oy staltizatinn 

Cross-Reference to Related Applicationfs^ 
5 This application claims priority from United States Application Serial 

No. 60/369,186 filed April 1, 2002, the entire disclosure of which is incorporated 
herein by reference. 

Notice of Government Rights 

The U.S. Government may have certain rights in this invention pursuant to the 
10 terms of the Defense Advanced Research Project Agency award number N66001-98- 
1-8913. 

Field of the Invention 

The present invention relates to a system and process for producing a metal 
thin film having a uniform crystal orientation and controlled microstructure. In. 
15 particular, the system and process of the present invention utilize a pulsed laser beam 
in conjunction with sequential lateral solidification ("SLS") techniques to produce, 
e.g., an aluminum thin film with, preferably, a (11 1) crystal orientation. 

Background of the Invention 

An inherent problem in the production of metallic thin filmg is minimizing the 

20 electro-migration that occurs in the metal interconnects. The electro-migration results 
in the transport of metal material of an interconnect line, and is caused when free 
electrons dislodge the atoms of the conductive material upon the current density 
increase that occurs due to smaller cross-sectional dimensions of the interconnect 
lines. The electro-migration occurs due to the transfer of momentum from the 

25 electrons flowing in a metal conductor when the conductor fails, because of a void or 
break in the conductor. This phenomenon is generally known as an "electron wind. 11 
The failure occurs most often along the grains of the conductive material since the 
atoms are not as firmly bound along the grains, and the grains provide efficient paths 
for the electron transport. These grains may extend in a direction which is parallel to 

30 the direction of the interconnect lines, i.e., along the direction of the current flow, 
which is considered to be particularly undesirable (i.e., such grain direction results in 
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an increased electro-migration). If vacancies or voids are formed in the conductive 
material, the void that is formed reduces the cross-sectional area in a region of the 
interconnect through which the current may flow, effectively raising the current 
density of that region of the interconnect even further. Therefore, the void may 
5 become so large that an open circuit or a break in the interconnect line results. 

Alternatively, the atoms of the conducting material that are dislodged may accumulate 
in a region of the interconnect so as to form a protrusion. If the protrusion becomes 
large enough, a contact with an adjacent interconnect may occur, thereby causing an 
undesired connection between the adjacent interconnect lines. 

10 As the features of integrated semiconductor circuit chips are reduced, the 

cross-section of the metal interconnect lines on the integrated circuit chips are also 
reduced. This decrease in the cross-sectional dimensions increases the current density 
in the interconnect lines, which creates increased electro-migration in the metal 
interconnects. Moreover, the electro-migration would likely increase with a presence 

15 of a random orientation of the microstructure of the thin film. Since increasing the 
grain size to be larger than the metallization line width and preparing semiconductor 
films with a uniform orientation would reduce the propensity for electro-migration 
failure, there is a need for a system and method to control crystallization, and produce 
thin films with the substantially uniform orientation of the microstructure of the thin 



sequential lateral solidification ("SLS") techniques. For example, U.S. Patent No. 
6,322,625 (the m 625 application"), U.S. Patent Application Serial Nos. 60/239,194 
(the m 194 application"), 09/390,535 (the "'535 application"), 09/390,537 (the "'537 

25 application"), 60/253,256 (the ,M 256 application"), 09/526,585 (the "'585 application") 
and International Patent Application Nos. PCT/US01/31391 and PCT/US0 1/1 2799, 
the entire disclosures of which are hereby incorporated herein by reference, describe 
advantageous apparatus and methods for growing large grained polycrystalline or 
single crystal structures using energy-controllable laser pulses and small-scale 

30 translation of a sample to implement the SLS techniques. As described in these patent 
documents, at least portions of the semiconductor film on a substrate are irradiated 
with a suitable radiation pulse to completely or partially melt such portions of the film 
throughout their thickness. In this manner, when the molten semiconductor material 
solidifies, a crystalline structure grows into the solidifying portions from selected 



20 



film. 



Control over the thin film microstructure may be obtained through the use of 
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. areas of the semiconductor film which did not undergo a complete melting. 
Thereafter, the beam pulses irradiate slightly offset from the crystallized areas so that 
the grain structure extends into the molten areas from the crystallized areas. With the 
SLS techniques, and the systems described therein, crystallization maybe controlled 
5 to modify the microstructure of the thin film (e.g., by creating larger grains, single- 
crystal regions, grain-boundary-location-controlled microstructures), and produce 
grains with a particular orientation. 

Summary of the Invention 

One of the objects of the present invention is to produce at least one section of 

10 a metal layer having a uniform crystal orientation and a controlled microstructure. In 
particular, the present invention may be used to produce an aluminum metal layer 
having a controlled crystal orientation of microstructures provided therein. For 
example, a pulsed laser beam may be utilized in conjunction with a sequential lateral 
solidification ( M SLS lf ) technique to produce a (1 1 1) crystal orientation of an aluminum 

15 thin film with. 

In one exemplary embodiment of the present invention, a method and system 
are provided for processing a sample having a metal layer to generate a 
polycrystalline film with a controlled crystal orientation. In particular, at least one 
portion of the metal layer can be irradiated with a pulsed laser, so that the metal layer 

20 is completely melted throughout its entire thickness. Such portion of the metal layer 
is then resolidified via the crystalline growth, so that the grains of the metal layer have 
a substantially uniform orientation therein. In another embodiment of the present 
invention, the metal layer may be deposited on a substrate, which may be done by 
sputtering, evaporation or any conventional method. In yet another exemplary 

25 embodiment, the metal layer may be composed of aluminum or an aluminum alloy 
(e.g., an aluminum-copper alloy, an aluminum-silicon alloy, an aluminum-copper- 
silicon alloy etc.) In a further embodiment of the present invention the substantially 
uniform orientation may be a (1 1 1) orientation 



30 



In still another exemplary embodiment of the present invention, the metal 
layer can be irradiated without patterning (i.e., flood irradiate) to Obtain grains with a 
uniform orientation. The metal layer is then irradiated using the SLS technique, as 
described in the above-identified patent applications. Certain masks and mask 
patterns can be used for the SLS techniques to generate various shapes of grain 
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boundaries for modifying the microstructure. This is done by, e.g., creating larger 
grains, single-crystal regions, grain-boundary-location-controlled microstructures, etc. 

In a still further embodiment of the present invention, a mask used during the 
sequential solidification technique includes a first region capable of attenuating the 
5 pulsed laser and a second region which allows substantially the entire intensity of the 
corresponding portion of the pulsed laser to pass therethrough. The mask may be an 
inverse dot-patterned mask. The entire thin film can be completely melted throughout 
its entire thickness and the attenuation may be such that the region of the metal layer 
corresponding to the first region reaches a lower temperature than the melting 

10 temperature of the metal layer and lower than that the temperature of the section of 
the metal layer irradiated by the beam that is shaped by the second region. In yet 
another embodiment of the present invention, the dot patterns of the mask can be 
spaced closer than the super lateral growth distance which is based on the relevant 
process temperature. The inverse dot-patterned mask can include dots arranged in a 

15 geometric pattern such that the microstructure of the metal layer irradiated using such 
mask crystallizes in substantially the same geometric pattern as the arrangement of the 
dots of the inverse dot-patterned mask. The dots of the inverse dot-patterned mask ■ 
may also be arranged to irradiate the metal layer microstructure in a manner to a 
hexagonal pattern or a square pattern therein. 

20 Brief Description of the Drawings 

For a better understanding of the present invention, together with other and 
further objects thereof, reference is made to the following description, taken in 
conjunction with the accompanying drawings, and its scope will be pointed out in the 
appending claims. 

25 Figure 1 shows a block diagram of a system for performing a preferred 

embodiment of a lateral solidification process according to an exemplary embodiment 
of the present invention; 

Figure 2 shows an illustration of a section of an exemplary aluminum thin film 
sample after pulsed laser irradiation to induce complete melting and subsequent 
30 solidification of a section of an aluminum sample; 

Figure 3 shows an enlarged representation of a portion of the section 
illustrated in Figure 2; 
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Figure 4 shows inverse pole symbols representing the nucleated aluminum 
grains of the sample of Figure 3 illustrating that the nucleated al uminum grains have a 
(111) orientation; 

Figure 5 shows an exemplary embodiment of an inverse dot-patterned mask 
5 with the dot patterns arranged in a hexagonal form, which may be used with the 
exemplary system and process according to the present invention; 

Figure 6 shows an exemplary temperature profile of the melted aluminum thin 
film sample after irradiation of a portion thereof with the inverse dot-patterned mask 
of Figure 5; 

10 Figure 7 shows an exemplary section of the sample after the Sequential lateral 

solidification ("SLS") is utilized using the inverse dot-patterned mask of Figure 5; 

Figure 8 shows an enlarged illustration of approximately hexagonal portions 
of the sample shown in Figure 7; 

Figure 9 shows inverse pole symbols representing nucleated aluminum grains 
15 of the sample of Figures 7 and 8 illustrating that the nucleated aluminum grains have 
a (1 1 1) orientation; and 

Figure 10 shows a flow diagram of an exemplary embodiment of a method 
according to the present invention which can be implemented by the system of 
Figure 1. 

20 Throughout the Figures, the same reference numerals and characters, unless 

otherwise stated, are used to denote like features, elements, components or portions of 
the illustrated embodiments. Moreover, while the present invention will now be 
described in detail with reference to the Figures, it is done so in connection with the 
illustrative embodiments. 

25 Detailed Description 

In one exemplary embodiment of the present invention, a uniform crystalline 
orientation of at least one section of a metal thin film may be obtained using the 
sequential lateral solidification process. Therefore, in order to fully understand the 
present invention, the sequential lateral solidification process is further described. As 

30 disclosed in aforementioned patent applications, the sequential lateral solidification 
("SLS") process is a technique for producing large grained thin films through small- 
scale unidirectional translation of a sample between sequential pulses emitted by an 
excimer laser. As each pulse is absorbed by the sample, a small area of the sample is 
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caused to melt completely, and then resolidify laterally into a crystal region produced 
by the preceding pulses of a pulse set. It should be understood that various systems 
Recording to the present invention may be utilized to generate, nucleate, solidify and 
crystallize one or more areas on the thin film (e.g., composed of aluminum) which 
5 have uniform material therein, such that at least an active region of a thin-film 

transistor ("TFT") may be placed in such areas. The exemplary embodiments of the 
systems and processes of the present invention to generate such areas, as well as those 
of the resulting crystallized metal thin films, shall be described in further detail below. 
However, it should be understood that the present invention is in no way limited to the 
10 exemplary embodiments of the systems, processes and semiconductor thin film s 
described herein. 

Figure 1 shows a system that includes excimer laser 110, energy density 
modulator 120 to rapidly change the energy density of laser beam 111, beam 
attenuator and shutter 130, optics 140, 141, 142 and 143, beam homogenizer 144, lens 

15 system 145, 146, 148, a mask or masking system 150, lens system 161, 162, 163, 
incident laser pulse 164, thin metal film sample 170, sample translation stage 180, 
granite block 190, support system 191, 192, 193, 194, 195, 196, and managing 
computer 100. As described in further detail in the '535 application, a non-processed 
thin film sample 170 may be processed into a single or polycrystalline metal thin film 

20 by generating a plurality of excimer laser pulses of a predetermined fluence, 

controllably modulating the fluence of the excimer laser pulses, homogenizing the 
modulated laser pulses in a predetermined plane, masking portions of the 
homogenized modulated laser pulses into patterned beamlets, irradiating an 
amorphous silicon thin film sample with the patterned beamlets to effect melting of 

25 portions thereof corresponding to the beamlets, and controllably translating the 
sample with respect to the patterned beamlets and with respect to the controlled 
modulation to thereby process the amorphous thin film sample into a single or 
polycrystalline thin film by sequential translation of the sample relative to the 
patterned beamlets and irradiation of the sample by patterned beamlets of varying 

30 fluence at corresponding sequential locations thereoa The laser system may include 
a laser source, optics, mask, and projection system, which may be substantially the 
same as or similar to the equipment used for other SLS systems and processes. 

In an exemplary embodiment of the present invention, the method and system 
may be used to generate metal thin films (e.g., aluminum film) with a uniform 
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crystalline orientation. The thin film may be composed of duminum alloys such as, 
e.g., Al-Cu, Al-Si, Al-Cu-Si, etc. In such exemplary embodiment, the concentration 
of the impurities may preferably be less than 20%. 

The aluminum thin film sample may be deposited on a substrate by various 
5 methods, such as sputtering, evaporation, etc. In one exemplary embodiment of the 
present invention, it is possible to use the polycrystalline aluminum films without the 
need to place it on a substrate. In one exemplary embodiment, at least one portion of 
the aluminum thin film layer is irradiated with a pulsed laser (e.g., an excimer laser) 
without patterning of the beam pulse (i.e. flood irradiation). The entire portion of the 

10 metal layer is completely melted, preferably throughout its entire thickness. The 
completely melted liquefied section of the aluminum thin film solidifies via 
nucleation and crystalline growth thus resulting in an aluminum thin film as shown in 
Figure 2. Figure 3 shows a representation of an enlarged portion of the resolidified 
section illustrated in Figure 2 indicating that the complete melting and sohdification 

15 of the section(s) of the aluminum thin film results in grain boundaries 200 and grain 
shapes 202 that are relatively random. 

According to another exemplary embodiment of the present invention, the 
resolidified (and possibly nucleated) grains of the aluminum layer provided as a 
substrate can have a substantially uniform orientation after irradiation and 

20 sohdification. The nucleated aluminum grains likely have a uniform (111) 

orientation. Such exemplary orientation of the aluminum grains may preferably occur 
through the heterogeneous nucleation at an interface between liquid aluminum and the 
substrate. For example, the (111) planes of the aluminum grains likely have the 
lowest surface energy, which reduces the activation energy for the heterogeneous 

25 nucleation. Thus, the (1 1 1) orientation of the aluminum grains is thermodynamically 
preferred according to the present invention. Figure 4 shows inverse pole symbols 
representing an exemplary portion of the resohdified section of the aluminum thin 
film of Figure 2 illustrating that the crystallized aluminum grains have various 
orientations, and in particular, a (1 1 1) orientation. In an exemplary embodiment of 

30 the system and process according to the present invention, it is possible to obtain the 
(1 1 l)-oriented polycrystalline aluminum films by positioning the sample 170 in a 
predetermined manner and subjecting the thin film to the SLS processing. This can 
be done after the thin film is subject to flood irradiation. 
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In another exemplary embodiment of the present invention, it is possible to 
initially irradiate a portion of the aluminum thin film sample without patterning (i.e., 
by flood irradiating), so as to allow the irradiated portions of thin film to solidify, so 
as to obtain grains having a (1 1 1) orientation, and then irradiate such previously- 

5 irradiated portion of the metal layer using the SLS process, as described in the above- 
identified patent applications and patents. Depending on the masks and their mask 
patterns (the examples of which are described and shown in the above-identified 
applications and patents), it is possible to generate various shapes of grain boundaries 
so as to modify the metal microstructure and the orientation of the grains thereof (e.g., 

10 by creating larger grains, single-crystal regions, grain-boundary-location-controlled 
microstructures, etc.). 



to irradiate therethrough. For example, an inverse dot-patterned mask may be used in 

15 which the dots are arranged in a geometric pattern such that the microstructure of the 
metal layer crystallizes substantially corresponds to the geometric shape of the 
arrangement of the dots of the mask pattern. In a further embodiment of the present 
invention, similarly to the conventional SLS techniques which utilize dot-patterned 
masks, the dot patterns on such mask should be spaced closer to one another than the 

20 super lateral growth distance corresponding to the relevant process temperature. As 
described in the applications and patents identified herein above, the dot regions of 
the inverse dot patterned mask may be arranged to form a metal layer with a 
hexagonal microstructure as shown in Figure 5. In particular, the exemplary mask of 
Figure 5 includes a first region 500 that attenuates the beam intensity and a second 

25 region 502 that allows the beam to pass therethrough to reach and irradiate the 
aluminum thin film. It is preferable for the energy density of the beam to be large 
enough to completely melt the intended sections of the aluminum thin film, including 
the regions masked by the dots 500. Since the dots 500 are opaque, and the beam is 
significantly attenuated in those regions, the aluminum thin film area positioned to be 

30 irradiated by the dot regions (although completely melted) would likely not reach as 
high of a temperature as that of the areas outside the dot regions (which are also 
completely melted) as is shown in Figure 6. In particular, the temperature 501 in the 
attenuated region o f the aluminum thin film should be lower than the melting 
temperature of the film so that at least some of (1 1 1) nucleated grains that are formed 



The mask 150 may include a first region capable of attenuating the pulsed 
laser and a second region that allows the associated portions of complete pulsed laser 



WO 03/084688 PCT/US03/09861 

9 

remain as solids (e.g., via a previous irradiation such as the flood irradiation) to seed 
the molten metal around those solid regions into the (1 1 1) oriented grains. 

As the film cools, the section of the aluminum thin filtn irradiated by the 
section of the laser beam masked the dot regions nucleates, thus, providing the (111) 
5 oriented seeds that grow laterally into the non-masked areas in accordance with the 
principles of SLS techniques described in the above-identified U.S. and International 
patent applications and patents. In particular the dot-patterned SLS techniques 
described therein. As described in these patent documents, the microstructure that is 
obtained depends on the geometry of the dot regions of the mask 150. Therefore, as 

10 shown in Figures 7 and 8, the use of the exemplary inverse dot-patterned mask of 
Figure 5 to mask the laser beam and irradiate the aluminum thin film results in 
crystallized aluminum film with a hexagonal microstructure. Figure 8 shows an 
enlarged representation of a portion of the section provided in Figure 7 further 
illustrating the locations and shapes of the grain boundaries 800, 802, respectively. 

1 5 Figure 9 shows inverse pole symbols representing the portion of the section provided 
in Figure 8 that illustrate that the crystallized aluminum grains have substantially a 
(1 1 1) orientation. In a further exemplary embodiment of the present invention, the 
dot regions of the inverse dot patterned mask may be arranged so as to generate the 
sections of the metal thin film with square microstructure therein. 

20 Referring to Figure 10, exemplary steps executed by computer 100 of Figure 1 

to control the irradiation and grain orientation of the metal thin film is described. The 
various electronics of the system shown in Figure 1 are initialized by the computer to 
initiate the process in step 1000. A thin metal (aluminum) film sample 170 is then 
loaded onto the sample translation stage in step 1005. It should be noted that such 

25 loading may be either manual or robotically implemented under the control of the 
computer 100. 

Next, the sample translation stage 1 80 is moved into an initial position in 
step 1010, which may include an alignment with respect to reference features on the 
sample 170. The various optical components of the system are focused in step 1015 if 
30 necessary. The laser is then stabilized in step 1020 to a desired energy level and 
repetition rate, as needed to fully melt the metal thin film sample 170 in accordance 
with the particular processing to be carried out. If necessary, the attenuation of the 
laser pulses is finely adjusted (step 1 025). 
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Next, the sample 170 is positioned to point the beam to impinge on the first 
section of sample in step 1030. The beam 149 is masked with the appropriate mask 
pattern of the mask 150 (step 1035). It is also possible to not mask the beam prior to 
its impingement of the sample 170. After the beam 149 is masked to become a 
5 masked beam pulse 164, the masked beam pulse 164 irradiates at least one section of 
the metal (aluminum) thin film sample 170 to produce grains that have a particular 
(e.g., - 1 1 1) orientation in step 1040. Then, in step 1045, it is determined whether all 
intended areas of the thin metal film sample 170 have been irradiated in a 
predetermined manner. If not, the sample 170 is then translated in the X and/or Y 

10 directions in step 1050 for a distance which is less than the super lateral grown 
distance of the metal thin film using the SLS and/or non-SLS techniques. After 
processing all of the desired sections of the metal thin film sample 1 70, the beam and 
hardware are shut off in step 1055 and the process is completed in step 1060. If 
processing of additional samples is desired or steps 1005 - 1050 may be repeated for 

1 5 each such sample. 

In addition, it is also possible to obtain the (1 1 1) oriented grains using the SLS 
techniques described above and without the flood irraditiojis being effectuated on the 
alumin u m thin film prior to such SLS processing. In particulars, the desired sections 
of the aluminum thin film 170 are irradiated using the one of the patterned masks 

20 described above (e.g., the dot-patterned mask, the hexagonal-shaped mask, the 
rectangular shaped mask^ etc.) and the SLS techniques in order to nucleate center 
areas corresponding to the such shapes (which allow some or all of the irradiation of 
the beam pulse to pass therethrough). The resolidified desired regions of the 
aluminum thin film 170 result in the (1 1 1) oriented grains, which are also grain 

25 boundary controlled grains. Accordingly, it is not necessary to subject the aluminum 
thin film 170 to flood irradiation prior to it being irradiated using the SLS processing 
technique. 

The foregoing merely illustrates the principles of the invention. Various 
modifications and alterations to the described embodiments will be apparent to those 
30 skilled in the art in view of the teachings herein. For example, while the above 
embodiment has been described with respect to at least partial lateral solidification 
and crystallization of the semiconductor thin film, it may apply to other materials 
processing techniques, such as micro-machining, photo-ablation, and micro-patterning 
techniques, including those described in the above-identified patent documents. The 
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various mask patterns and intensity beam patterns described in the above-referenced 
patent application may also be utilized with the process and system of the present 
invention. It will thus be appreciated that those skilled in the art will be able to devise 
numerous systems and methods which, although not explicitly shown or described 
5 herein, embody the principles of the invention and are thus within the spirit and scope 
of the present invention. 
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Claims 



1. 



A method for processing a sample having a metal thin film provided thereon 
to generate a polycrystalline film with a substantially uniform orientation, 
comprising the steps of: 



5 



(a) irradiating at least one portion of the metal thin film with a 
pulsed laser to completely melt the at least one portion throughout its entire 
thickness; and 



10 



(b) allowing the melted metal thin film to re-solidify after the at 
least one portion is melted, wherein the grains of the at least one resolidified 
portion of the metal thin film have the substantially uniform orientation. 



2. The method according to claim 1, wherein the metal thin film is deposited on a 
substrate. 

3. The method according to claim 2, wherein the metal thin film is deposited on a 
substrate by at least one of a sputtering procedure, an evaporation procedure 

1 5 and a further thin film deposition procedure. 

4. The method according to claim 1, wherein the metal thin film is composed of 
aluminum. 

5. The method according to claim 1 , wherein the metal thin film is composed of 



20 



* an aluminum alloy, the aluminum alloy including at least one of an aluminum- 
copper alloy y an aluminum-silicon alloy and an aluminum-copper-silicon 
alloy. 



6. 



The method according to claim 1, wherein the substantially uniform 
orientation is a (1 1 1) orientation. 



7. 



The method according to claim 1, further comprising the step of: 

(c) irradiating the at least one portion of the metal thin film with 
the laser pulse based on a sequential lateral solidification technique. 



25 



8. 



The method according to claim 7, wherein the laser pulse irradiating the at 
least one portion is patterned using a mask to modify a shape of the laser 
pulse. 
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9, The method according to claim 8, wherein the mask is comprised of a first 

region capable of attenuating the pulsed laser and a second region allowing a 
significant section of the laser beam impacting the second region to pass 
therethrough. 

5 10. The method according to claim 9, wherein the mask is an inverse dot- 
patterned mask, and wherein the second region includes opaque array patterns 
which include at least one of dot-shaped areas, hexagonal-shaped areas and 
rectangular-shaped areas. 

1 1 . The method according to claim 1 0, wherein each portion of the metal thin film 
10 is completely melted throughout its entire thickness, and wherein an 

attenuation of the laser beam produced by the first region impinges associated 
section of the thin film to reach a temperature that is lower than a melting 
temperature of the metal thin film and lower than a temperature as further 
sections of the thin film corresponding with the areas irradiated by the second 
15 region. 

1 2. The method according to claim 1 1 , wherein dot patterns of the mask are 
spaced closer than a super lateral growth distance corresponding to a 
resolidification process temperature of the metal thin film. 

1 3 . The method according to claim 1 0, wherein the inverse dot-patterned mask is 
20 comprised of dots has a geometric pattern such that upon the irradiation of the 

metal thin film, a microstructure of the metal thin film solidifies and 
crystallizes in substantially the same geometric pattern as the pattern of the 
inverse dot-patterned mask. 

14. The method according to claim 13, wherein the dots of the inverse dot- 

25 patterned mask are arranged in a pattern such that upon the irradiation of the 

metal thin film with the masked laser beam, a microstructure of the metal thin 
film is formed having one of a hexagonal pattern, a rectangular pattern and a 
square pattern. 
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15. The method according to claim 7, wherein, in step (a), a width of the at least 
one irradiated portion is greater than a super-lateral growth width of the metal 
thin film. 

1 6. The method according to claim 1 , wherein step (a) is performed using a 

5 sequential lateral solidification technique, and wherein, upon the execution of 

step (a), in step (b), grain-boundary location controlled grains are formed in 
the at least one portion of the metal thin film. 

17. A system for producing at least one section of a polycrystalline metal film 
with a substantially uniform orientation, comprising: 

10 a logic arrangement which is operable to: 

(a) irradiate at least one portion of the at least one portion of the 
metal thin film to completely melt the at least one portion of the 
metal thin film throughout its entire thickness, and 

(b) allow the at least one portion of the melted metal thin film to 
15 re-solidify after the at least one is melted, wherein the grains of 

the at least one portion have the substantially uniform 
orientation upon the re-sohdification. 

18. The system according to claim 17, wherein the metal thin film is deposited on 
a substrate. 

20 19. The system according to claim 1 8, wherein the metal thin film is deposited on 
a substrate by at least one of a sputtering procedure, an evaporation procedure 
and a further thin film deposition procedure. 

20. The system according to claim 17, wherein the metal thin film is composed of 
aluminum. 

25 21 . The system according to claim 17, wherein the metal thin film is composed of 
an aluminum alloy, the aluminum alloy including at least one of an aluminum- 
copper alloy, an aluminum-silicon alloy and an aluminum-copper-silicon 
alloy. 
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The method according to claim 17, wherein the substantially uniform 



23. 

5 

24. 
25. 

10 

26. 

15 

27. 

20 

28. 

25 



orientation is a (1 1 1) orientation. 

The system according to claim 17, where the logic arrangement is further 
operable to irradiate the at least one portion of the thin film sample with a 
sequential lateral solidification technique. 

The system according to claim 23, wherein the laser pulse irradiating the at 
least one portion is patterned using a mask to modify a shape of the laser 
pulse. 

The system according to claim 24, wherein the mask is comprised of a first 
region capable of attenuating the pulsed laser and a second region allowing a 
significant section of the laser beam impacting the second region to pass 
therethrough. 

The system according to claim 25, wherein the mask is an inverse dot- 
patterned mask, and wherein the second region includes opaque array patterns 
which include at least one of dot-shaped areas, hexagonal-shaped areas and 
rectangular-shaped areas. 

The system according to claim 26, wherein each portion of the metal thin film 
is completely melted throughout its entire thickness, and wherein an 
attenuation of the laser beam produced by the first region impinges associated 
section of the thin film to reach a temperature that is lower than a melting 
temperature of the metal thin film and lower than a temperature as further 
sections of the thin film corresponding with the areas irradiated by the second 
region. 

The system according to claim 27, wherein dot patterns of the mask are spaced 
closer than a super lateral growth distance corresponding to a resolidification 
process temperature of the metal thin film. 



29. 



The system according to claim .28, wherein the inverse dot-patterned mask is 
comprised of dots has a geometric pattern such that upon the irradiation of the 
metal thin film, a microstructure of the metal thin film solidifies and 
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crystallizes in substantially the same geometric pattern as the pattern of the 
inverse dot-patterned mask. 

30. The system according to claim 29, wherein the dots of the inverse dot- 
patterned mask are arranged in a pattern such that upon the irradiation of the 

5 metal thin film with the masked laser beam, a microstructure of the metal thin 

film is formed having one of a hexagonal pattern, a rectangular pattern and a 
square pattern. 

31. The system according to claim 1 7, wherein the logic arrangement irradiates 
the at least one portion of metal using a sequential lateral soUdification 

) technique, and wherein, upon the completion of step (b), grain-boundary 

location controlled grains are formed in the at least one portion of the metal 
thin film. 

32. A polycrystalline metal film, comprising: 

at least one portion which is irradiated to be completely melted 
i throughout its entire thickness, wherein the at least one portion is re-solidified 

after being melted, and wherein the at least one portion include grains which 
have a substantially uniform orientation upon the re-solidification of the at 
least one portion. 
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(57) Abstract: The invention relates to a semiconductor device comprising a semiconductor body (10) which is provided with an 
active semiconductor region (12) which borders on a surface (11) of said semiconductor body, which active semiconductor region 
is provided with a non-volatile memory cell comprising a source zone and a drain zone (29), a select gate (18), and a stacked gate 
structure (32) comprising a floating gate (26) and a control gate (25). The stacked gate extends above the select gate and covers a 
side wall (33) of said select gate, which side wall extends at least substantially perpendicularly to the surface of the semiconductor 
body. The stacked gate structure is insulated from the select gate by a layer of an insulating material (19, 35) that is applied to the 
select gate. The select gate and the floating gate, viewed along the surface of the semiconductor body, are situated at a distance from 
each other, which distance is determined by the thickness of the layer of insulating material applied to the select gate's side wall (33) 
which extends at least substantially perpendicularly to the surface of the semiconductor body, which thickness enables a continuous 
channel to be formed between the source zone and the drain zone. 
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Semiconductor device and method of manufacturing same 



The invention relates to a semiconductor device comprising a semiconductor 
body including an active semiconductor region which borders on a surface of said 
semiconductor body and which is provided with a non-volatile memory cell comprising a 
source region, a drain region, a select gate, and a stacked gate structure comprising a floating 
5 gate and a control gate, which stacked gate structure projects beyond the select gate and 

covers the wall of the select gate that extends at least substantially transversely to the surface, 
said stacked gate structure being insulated from the select gate by a layer of an insulating 
material. The invention also relates to a method of manufacturing such a device. 

In this semiconductor device, the stacked gate structure of a memory transistor 

1 0 overlaps the select gate of a select transistor. By virtue thereof, the memory cell can be 
formed on a comparatively small part of the surface of the semiconductor body, while the 
stacked gate structure occupies a comparatively large surface area. A comparatively large 
stacked gate structure has the advantage that a comparatively large capacitive coupling is 
possible between the control gate and the floating gate, as a result of which the memory cell 

1 5 can be read using low voltages. 

US 5,550,073 discloses a semiconductor device of the type mentioned in the 
opening paragraph, wherein, viewed along the surface, between the select gate of the select 

20 transistor and the floating gate of the memory transistor, there is formed, in the active region, 
a connection region which borders on the surface and is of opposite conductivity type to the 
active region. During reading such a memory cell, this connection region interconnects 
inversion regions that are formed, in the active region, below the select gate and below the 
floating gate. As the connection region is present between the inversion regions, the electric 

25 resistance between the inversion regions is minimal. As a result, during reading at a low 
voltage, there is a comparatively high, readily detectable current flow. A drawback of the 
connection region is, however, that it occupies a comparatively large surface area, as a result 
of which the memory cell is comparatively large. 
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It is an object of the invention to provide a semiconductor device comprising a 
memory cell which can be formed on a smaller part of the surface than the memory cell of 
the known semiconductor device described hereinabove. > 
5 To achieve this, the semiconductor device mentioned in the opening paragraph 

is characterized in that the select gate and the floating gate, viewed along the surface, are 
situated at a distance from each other that is determined by the thickness of the layer of 
insulating material applied to the wall of the select gate, said wall extending substantially 
transversely to the surface, and said thickness enabling a continuous channel to be formed 

1 0 between the source region and the drain region. Surprisingly, it has been found that the 
thickness of the layer .of insulating material against the select gate wall extending at least 
substantially transversely to the surface, which thickness determines the distance between the 
select gate and the floating gate, can be chosen to be such that a connection region as used in 
the known memory cell described hereinabove can be dispensed with. By virtue thereof a 

15 substantial gain in space is achieved. Despite the absence of this connection region, it has 
been found that the inversion regions, which are formed during reading of the memory cell 
below the select gate and below the floating gate in the active semiconductor region, blend so 
well with each other that a negligibly small series resistance is present between said inversion 
regions, resulting in a continuous channel between the source region and the drain region. At 

20 a read voltage between 0.5 and 1 volt, a read current ranging between 30 and 50 \xA is 

generated which can be readily detected in practice. In this respect, it is advantageous if the 
thickness of the layer of insulating material against the select gate wall extending at least 
substantially transversely to the surface is smaller than 70 nm. Preferably, this thickness is 
smaller than 50 nm and larger than 30 nm. The distance between the select gate and the 

25 floating gate preferably is not below 30 nm to avoid excessive parasitic coupling be 

select gate and the floating gate. As a result of such parasitic coupling, writing data in and 
erasing data from the memory cell would be less effective. At an equal voltage on the control 
gate, the voltage difference between the floating gate and the underlying active 
semiconductor region would be smaller. As a result, writing and erasing data would take 

30 longer. To compensate this, the memory would have to be operated at higher write and erase 
voltages, which is undesirable. 

In order to further reduce said parasitic coupling, the layer of insulating 
material is provided on the select gate in a thickness that is preferably larger than the 
thickness of the layer of insulating material against the select gate wall extending at least 
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substantially transversely to the surface. By virtue thereof, parasitic coupling is reduced while 
the distance between the select gate and the floating gate can be maintained at a value that 
enables a continuous channel to be formed. In practice, said parasitic coupling is negligibly 
small if the layer of insulating material on top of the select gate has a thickness above 1 00 
nm. 

The invention also relates to a method of manufacturing a semiconductor 
device comprising a non-volatile memory cell, wherein 

a semiconductor body is provided, at a surface, with an active semiconductor 

region; 

a select gate is provided, which select gate is insulated from the active 
semiconductor region; 

the select gate is provided with a layer of an insulating material; 

a stacked gate structure comprising a floating gate and a control gate is 
provided, which stacked gate structure extends above the select gate and covers the select 
gate wall extending at least substantially transversely to the surface, which stacked gate 
structure is insulated from the select gate by means of the layer of insulating material and 
insulated from the active semiconductor region by means of a gate dielectric; 

the active semiconductor region is provided with a source region and a drain 
region, the select gate and the stacked gate structure being used as a mask. 

Such a method is disclosed in the above-mentioned US 5,550,073, wherein, 
after the formation of the select gate, first the connection region is formed. Subsequently, the 
stacked gate structure is formed. To form the connection region, a lQjo 30 nm thick layer of 
silicon nitride is deposited, after the manufacture of the select gate, in a layer of heavily 
doped polycrystalline silicon. Next, the parts of the silicon nitride layer extending 
transversely to the surface are provided with spacers of silicon oxide. After etching away the 
silicon nitride, the spacers of silicon oxide remain at a distance of 10 to 30 nm from the select 
gate. While masking the select gate and said spacers, between which two 10 to 30 nm wide 
gaps are present, phosphor ions are implanted. After removal of the spacers and the 
underlying silicon nitride, an oxidation treatment is carried out, wherein a layer of silicon 
oxide is formed on the select gate, and an approximately 6 to 12 nm thick layer of tunnel 
oxide is formed on the surface next to the select gate. During this oxidation treatment, which 
is carried out at a high temperature, the phosphor ions diffuse in the silicon body and the 
connection region is formed. On the select gate of heavily doped polycrystalline silicon, the 
oxidation rate, using customary oxidation processes to form gate and tunnel oxides, is 
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substantially twice the rate that can be achieved when use is made of less heavily doped 
monocrystalline silicon, and a 12 to 24 nm thick silicon oxide layer will be formed. In 
practice, the phosphor ions will diffuse approximately 200 nm below the select gate and 
below the spacers, resulting in an approximately 500 nm wide connection region. 

The semiconductor device in accordance with the invention can be 
manufactured much more readily because the process steps that are necessary to form the 
connection region are avoided. The method of manufacturing the device in accordance with 
the invention is characterized in that the layer of insulating material is applied to the select 
gate wall extending substantially transversely to the surface in a thickness which, viewed 
along the surface, determines the distance between the select gate and the floating gate and 
enables a continuous channel to be formed between the source region and the drain region. 

For the gate dielectric, which insulates the stacked gate structure from the 
active semiconductor region, use can be made of various materials. Advantageously, 
however, use is made of silicon oxide for the gate dielectric, which gate dielectric is 
hereinafter referred to as tunnel oxide. A desirable thickness for the tunnel oxide lies in the 
range between 8 and 1 0 nm. To form a layer having a thickness in the range between 30 and 
70 nm on the wall of the select gate, and to form a layer having a thickness between 8 and 10 
nm on the surface of the semiconductor body, in this case a silicon body, use can be made, 
for example, of a customary oxidation process to form a 60 nm thick layer on the select gate. 
As a result, an approximately 30 nm thick layer is formed on the surface. By means of an 
etching treatment, during which the select gate is covered by a mask, the thickness of the 
tunnel oxide formed can be reduced to the desired value. A simpler solution is obtained if the 
silicon body is subjected to an oxidation treatment wherein said silicon body is heated to a 
temperature in the range between 600 and 800 °C in a gas mixture of a non-oxidizing carrier 
gas and water vapor. It has been found that, under such conditions, the rate at which a layer 
of silicon oxide grows on heavily doped non-crystalline silicon is six times the growth rate 
that is achieved on lightly doped monocrystalline silicon. Thus, when a 8 to 10 nm thick layer 
of tunnel oxide is formed, a 50 to 60 nm thick layer of silicon oxide forms on the select gate. 

As noted hereinabove, advantageously, the thickness of the layer of insulating 
material on top of the select gate is larger than the thickness of said layer of insulating 
material covering the select gate wall extending at least substantially transversely to the 
surface. This can be readily achieved by providing a stack of a conductive layer and an 
insulating layer, and patterning this stack so as to form the select gate in the conductive layer. 
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Preferably, the insulating layer, which is provided on the conductive layer, is applied in a 
thickness above 100 nm. 

These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments) described hereinafter. 

In the drawings: 

Fig. 1 shows an electrical circuit diagram of an EEPROM memory comprising 
an array of memory cells arranged in rows and columns, as formed in the semiconductor 
device in accordance with the invention, 

Fig. 2 through Fig. 10 are diagrammatic, cross-sectional plan views of several 
stages in the manufacture of a first example of the semiconductor device in accordance with 
the invention, which is manufactured by means of the method in accordance with the 
invention, 

Fig. 1 1 through Fig. 16 are diagrammatic cross-sectional views of several 
stages in the manufacture of a second example of the semiconductor device in accordance 
with the invention, which is manufactured by means of the method in accordance with the 
invention. 



Fig. 1 shows an electrical circuit diagram of an EEPROM memory comprising 
an array of memory cells My arranged in rows and columns, where i represents the number in 
the row and j represents the number in the column. Each memory cell comprises a memory 
transistor Tl having a floating gate 1 and a control gate 2 and, arranged in series therewith, a 
select transistor T2 with a select gate 3. The control gates 2 of a number of memory 
transistors Tl, for example eight or more, are interconnected per column by lines CGj, the 
select gates 3 of the select transistors T2 are interconnected per column by lines SGj. 
Furthermore, the memory transistors Tl are interconnected per row by bit lines BL i} and the 
transistors T2 are interconnected by a source line SO mat is shared by a number of memory 
cells. 

The EEPROM memory in accordance with the invention, which will be 
described in greater detail hereinafter, can be operated in various ways. Data can be written 
in the memory cells and erased from said memory cells by Fowler-Nordheim tunneling, or, 
alternatively, data can be written by injection of "hot electrons" and erased by Fowler- 



WO 02/086955 



PCTYIB02/01320 



Nordheim tunneling. The following Tables show the voltages that can be applied to said lines 
in order to write data in one of the memory cells, in this case memory cell Ma, erase data 
from a column of memory cells, in this case memory cells My, and read the content of one 
memory cell, in this case Mi 1 . 
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In the second case: 
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10 It is to be noted that the memory transistor Tl has a threshold voltage of 

approximately +2 V during writing, and of approximately -2 V during erasing. 

Figs. 2 through 10 are diagrammatic, cross-sectional plan views of a few 
stages in the manufacture of a first example of the semiconductor device in accordance with 
the invention. Said Figures show, in a plan view, the manufacture of "two juxtaposed memory 

15 cells and, in a cross-sectional view, the manufacture o f the left memory cell. 

As shown in Fig. 2, in a semiconductor body 10, for example a silicon body, 
active strip-shaped semiconductor regions 12 are formed at the location of the memory cells 
to be formed, which active strip-shaped semiconductor regions border on a surface 1 1 of the 
semiconductor body 10 and are bounded by field oxide regions 13. Said field oxide regions 

20 13 also bound strip-shaped semiconductor regions 14 extending transversely to the strip- 
shaped active regions 12. The strip-shaped regions 14 are interconnected, outside the plane of 
the drawing, and form the above-mentioned common source line SO. In Fig. 2, the part of the 
surface 1 1 that is occupied by two memory cells is indicated by means of dot-dash lines 15. 
In this example, use is made of a customary, heavily doped silicon body which is provided 

25 with an epitaxially grown top layer which is comparatively lightly doped with approximately 
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10 15 atoms per cc. In the top layer, the semiconductor regions 12 and 14 are formed. For the 
sake of simplicity, only this top layer is shown in the drawings of the silicon body 10. 

As shown in Fig. 6, after the formation of the semiconductor regions 12 and 
14, the surface 1 1 of the silicon body 10 is provided with a silicon oxide layer 16, in a 
5 customary manner by thermal oxidation of silicon bordering on the surface 1 1 , which silicon 
oxide layer has a thickness between 5 and 10 nm, as a result of which the layer can suitably 
be used as a gate oxide of the select transistors T2. As shown in Fig. 3, on this layer of silicon 
oxide 1 6, a first system of mutually parallel strips 1 7 is subsequently formed in a first 
conductive layer, for example an approximately 150 nm thick layer of non-crystalline silicon, 

1 0 which is deposited on the layer of silicon oxide 16. The layer of non-crystalline silicon may 
be a layer of polycrystalline silicon or, alternatively, a layer of amorphous silicon. During the 
manufacture of the semiconductor device, where the semiconductor body is generally 
subjected several times to a treatment at a high temperature, said layer of amorphous silicon 
may convert to a layer of polycrystalline silicon. To form the strips, the layer of non- 

1 5 crystalline silicon is heavily n-type doped. As shown in Fig. 3, the strips 17 form, at the 

location of the active regions 12, the select gates 18 of the select transistors T2. Furthermore, 
the strips interconnect the select gates 18 of the select transistors T2 arranged in a column, 
and thereby form the lines SG. 

After the formation of the strips of non-crystalline silicon 17, an implantation 

20 of boron ions is carried out, while masking the strips, using a dose of 10 12 atoms per cm 2 to 
set the threshold voltage of the memory transistor Tl to be formed next to the select transistor 
T2. Subsequently, the parts of the silicon oxide layer 16 that are situated next to the strips 17 
are removed and, as shown in Fig. 4, the select gate 1 8 is provided with a layer of an 
insulating material 19, in which process also a 8 to 10 nm thick silicon oxide layer 20 is 

25 formed on the surface 1 1 of the semiconductor body, next to the select gate 1 8, so that the 
layer can suitably be used as a tunnel oxide for the memory transistor. 

Subsequently, a second conductive layer, for example a layer of n-type doped 
non-crystalline silicon, is deposited. As shown in Figs. 5 and 6, strips 21 are formed in said 
layer, which extend in the direction of the active regions 12 and transversely to the strips 1 7 

30 formed in the first layer of non-crystalline silicon. Next, as shown in Fig. 7, a layer of an 
intermediate dielectric 22 is deposited on the structure thus formed, which intermediate 
dielectric is composed, in this case, of an approximately 6 nm thick layer of silicon oxide, an 
approximately 6 nm thick layer of silicon nitride and an approximately 6 nm thick layer of 
silicon oxide, which are successively deposited, A third conductive layer 23, for example a 
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layer of n-type doped non-crystalline silicon, is deposited on the layer of an intermediate 
dielectric 22. 

In the third layer of non-crystalline silicon 23, strips 24 are formed, as shown 
in Fig. 10. The parts of the strips situated above the active regions 12 form the control gates 
25 of the memory transistors Tl. The control gates 25 of memory transistors arranged in 
columns are interconnected by the strips of non-crystalline silicon, so that said strips 24 form 
the lines CG of the memory. 

While masking these strips 24, as shown in Fig. 8, also the layer of 
intermediate dielectric 22, the underlying strips 21 formed in the second layer of non- 
crystalline silicon and the silicon oxide layers 19 and 20 are etched in accordance with a 
pattern. The remaining parts of the strips 21 formed in the second layer of non-crystalline 
silicon form the floating gates 26 of the memory transistors Tl . Control gate 25 and floating 
gate 26 are separated from each other by the layer of intermediate dielectric. 

Subsequently, a customary source-drain-extension implantation with 10 13 
arsenic atoms per cm 2 is carried out, after which the source-drain-extension regions 27 are 
formed, as shown in Fig. 8, by means of a thermal treatment After the silicon oxide spacers 
28 are formed in a customary manner on the edges of the exposed edges of the strips 17 and 
24, the source-drain regions 29 are formed by an implantation of 10 15 arsenic ions per cm 2 
and a subsequent thermal treatment. 

Finally, as shown in Figs. 9 and 10, a layer of silicon oxide 30 is deposited and 
contact windows 31 are formed therein. The layer of silicon oxide 30 is provided with 
aluminum conductor tracks, not shown in said drawings, which makecontact, in the contact 
holes 3 1, with the drain regions 29 of the memory transistors Tl. These strips form the bit 
lines BL of the memory. 

In this manner, as shown in Figs. 9 and 10, a semiconductor device is formed 
comprising a semiconductor body 10, in this example a silicon body, including an active 
semiconductor region 12, which is arranged so as to border on a surface 1 1 of said 
semiconductor body, which semiconductor region is provided with an EEPROM memory 
comprising an array of memory cells ME arranged in rows and columns, and including a 
select transistor T2 having a select gate 18 of, in this example, noncrystalline-doped silicon, 
which is situated on a gate oxide layer 16 formed on the surface 1 1, and also including a 
memory transistor Tl having a stacked gate structure 32 with a floating gate 26 of, in this 
example, noncrystalline-doped silicon, a layer of intermediate dielectric 22 and a control gate 
25 of, in this example, noncrystalline-doped silicon, which stacked gate structure (?) is 
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situated on a tunnel oxide layer 20 formed on the surface 1 1 next to the select gate 18 and 
extends so as to be situated on top of the select gate 1 8 and covers the wall 33 thereof which 
extends at least substantially transversely to the surface, the stacked gate structure 32 being 
insulated from the select gate 1 8 by a layer of an insulating material 19. 

The select gate 18 and the floating gate 26 are situated, viewed along the 
surface 11, at a distance from each other that is determined by the thickness of the layer of 
insulating material 19 which is present on the wall 33 of the select gate 18 and over which the 
stacked gate structure 32 extends. This thickness, which is such as to enable a continuous 
channel to be formed between the source region and the drain region, is preferably smaller 
than 70 nm, and preferably ranges between 30 and 50 nm. As a result, the inversion regions 
below the select gate .1 8 and below the floating gate 26, which inversion regions are formed 
during reading the memory cell, will merge so well that for reading the memory cell low 
voltages are sufficient. At such a small distance between the select gate and the floating gate, 
a negligibly small series resistance remains between said inversion regions. At a read voltage 
between 0.5 and 1 volt, the read current ranges between 30 and 50 nA, which can be readily 
detected in practice. 

In order to reduce parasitic coupling between the select gate and the floating 
gate, the thickness of the layer of insulating material on top of the select gate preferably is 
larger than the thickness of said layer on the select gate wall that extends at least substantially 
transversely to the surface. As a result, parasitic coupling is reduced while the distance 
between the select gate and the floating gate can be maintained at a value enabling a 
continuous channel to be formed between the source region and the drain Region. In practice, 
parasitic coupling is negligible if the layer of an insulating material on top of the select gate 
has a thickness above 100 nm, as in the case of the manufacture of the second example to be 
described of the semiconductor device in accordance with the invention. 

In the manufacture of the first example, a semiconductor body 10, for example 
a silicon body, is provided with an active semiconductor region 12 bordering on a surface 1 1 
of said semiconductor body, and, subsequently, with an array of memory cells ME arranged 
in rows and columns, including a select transistor T2 with a select gate 1 8 which is formed in 
a first conductive layer, for example a layer of non-crystalline silicon, which is deposited on 
a layer of gate oxide 1 6 formed on the surface 1 1 , and including a memory transistor Tl , 
which is arranged in series therewith, having a stacked gate structure 32 with a floating gate 
26, intermediate dielectric 22 and control gate 25, which is formed in a second conductive 
layer 21, for example a layer of non-crystalline silicon, a layer of the intermediate dielectric 
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22 and a third conductive layer 23, for example a layer of non-crystalline silicon, which are 
successively deposited on the select gate 18 and on a juxtaposed tunnel oxide layer 20 
formed on the surface 1 1 . The gate structure 32 formed extends above the select gate 18 and 
covers the side wall 33 thereof which is directed transversely to the surface. The select gate 
18 is provided with a layer of an insulating material 19 as a result of which the stacked gate 
structure 32 is insulated from the select gate 18. 

Immediately after the formation of the select gate 18, as shown in Fig. 4, the 
tunnel oxide layer 20 is formed on the surface next to the select gate 18, and the side wall 33 
of the select gate 1 8 is provided with a layer of silicon oxide 1 9 in a thickness enabling a 
continuous channel to be formed between the source region and the drain region, said 
thickness advantageously being below 70 nm, and preferably ranging between 30 and 50 nm. 
For the tunnel oxide layer 20, a desirable thickness ranges between 8 and 10 nm. In order to 
provide the wall 33 of the select gate 18 with a layer having a thickness between 30 and 70 
nm and provide the surface with a layer having a thickness between 8 and 10 nm, for 
example, a layer having a thickness of 60 nm can be formed on the select gate using a 
customary oxidation process. As a result, an approximately 30 nm thick layer is formed on 
the surface. By means of an etch treatment, during which the select gate is covered with a 
mask, the thickness of the tunnel oxide formed can then be reduced to the desired value. A 
simpler solution is obtained if the silicon body is subjected to an oxidation treatment wherein 
the silicon body is heated to a temperature in the range between 600 and 800 °C in a gas 
mixture of a non-oxidizing gas, such as nitrogen, and water vapor. It has been found that, 
under such conditions, a silicon oxide layer grows on heavily doped npn-crystalline silicon at 
a rate that is six times the rate of growth on lightly doped monocrystalline silicon. And, 
during the formation of an 8 to 10 nm thick tunnel oxide layer, a 50 to 60 nm thick silicon 
oxide layer forms on the select gate. 

The memory with the memory cells ME described hereinabove can be 
manufactured on a very small part of the surface 1 1. The parts of the surface 1 1, indicated by 
means of dot-dash lines 15 in Figs. 2, 6 and 10, which comprise two memory cells, have 
dimensions of 600 by 800 nm per memory cell when use is made of a "0.18 jam process" (a 
technology enabling minimum details of 0.18 \im to be realized). 

Figs. 1 1 through 16 are diagrammatic, cross-sectional views of a few stages in 
the manufacture of a second example of the semiconductor device in accordance with the 
invention. In these Figures, where possible, the same reference numerals are used as in the 
preceding Figures. 
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In this example, prior to the formation of the strips 1 7 in the first conductive 
layer, which is for example a layer of a non-crystalline silicon, this first conductive layer is 
covered with an insulating layer, for example a layer of silicon oxide, after which the strips 
17 are formed in the first conductive layer, during which treatment the insulating layer, which 
5 is provided on the first conductive layer, is provided with a pattern. In this manner, the select 
gate 1 8 shown in Fig. 1 1 is formed, which is provided with an insulating top layer 35. This 
top layer 35, of course, also extends over the strips 17. 

Subsequently, as shown in Fig. 12, after the removal of the part of the silicon 
oxide layer 16 that is situated next to the select gate, and after the above-mentioned 
1 0 implantation of boron ions, the above-mentioned oxidation treatment is carried out, wherein 
the side wall 33 of the select gate 1 8 is provided with an approximately 40 nm thick layer of 
silicon oxide 19 and the surface is provided with an approximately 8 nm thick tunnel oxide 
layer 20. 

As shown in Fig. 13 , after the formation of the insulating layers 19 and 20, the 
1 5 strips 21 are formed, just like in the first example, in the second conductive layer, for 
example a layer of non-crystalline silicon, after which, as shown in Fig. 14, the layer of 
intermediate dielectric 22 and the third conductive layer 23, for example a layer of non- 
crystalline silicon, are deposited. Next, the stacked gate structure 32 is formed comprising the 
floating gate 26 and the control gate 25. After the formation of the source and drain extension 
20 regions 27, the spacers 28 are formed, after which the source and drain regions 29 are formed 
and the whole is covered with the silicon oxide layer 30 wherein the contact windows 3 1 are 
etched. _ 

The silicon oxide layer 35 on top of the select gate 1 8 can be readily provided 
in a thickness exceeding that of the silicon oxide layer 19 provided on the wall 33 of the 
25 select gate 18. Preferably, the layer 35 has a thickness above 100 nm. As a result, parasitic 
coupling between the select gate 1 8 and the floating gate 26 is negligibly small. 
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CLAIMS: 



1 . A semiconductor device comprising a semiconductor body (10) including an 
active semiconductor region (12) which borders on a surface (1 1) of said semiconductor body 
and which is provided with a non-volatile memory cell comprising a source region and a 
drain region (29), a select gate (18), and a stacked gate structure (32) comprising a floating 

5 gate (26) and a control gate (25), which stacked gate structure projects beyond the select gate 
and covers the wall (33) of the select gate that extends at least substantially transversely to 
the surface, said stacked gate structure being insulated from the select gate by a layer of an 
insulating material (19, 35), characterized in that the select gate and the floating gate, viewed 
along the surface, are situated at a distance from each other that is determined by the 
10 thickness of the layer of insulating material applied to the wall of the select gate, said wall 
extending substantially transversely to the surface, and said thickness enabling a continuous 
channel to be formed between the source region and the drain region. 

2. A semiconductor device as claimed in claim 1 , characterized in that the 

1 5 thickness of the layer of insulating material against the select gate wall extending at least 
substantially transversely to the surface is below 70 nm. 

3. A semiconductor device as claimed in claim 1 or 2, characterized in that the 
thickness of the layer of insulating material against the select gate wall extending at least 

20 substantially transversely to the surface lies in the range between 30 and 50 nm. 

4. A semiconductor device as claimed in any one of the preceding claims, 
characterized in that the select gate, viewed along the surface, is provided on the side of the 
stacked gate structure facing the source region. 

25 

'5. A semiconductor device as claimed in any one of the preceding claims, 

characterized in that the layer of insulating material on top of the select gate has a larger 
thickness than the layer of insulating material against the select gate wall extending at least 
substantially transversely to the surface. 
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6. A semiconductor device as claimed in claim 5, characterized in that the layer 

of insulating material on top of the select gate has a thickness above 100 nm. 



5 



A method of manufacturing a semiconductor device comprising a non-volatile 



memory cell, wherein 

a semiconductor body (10) is provided, at a surface (1 1), with an active 
semiconductor region (12); 

a select gate (1 8) is provided, which select gate is insulated from the active 
1 0 semiconductor region; 

the select gate is provided with a layer of an insulating material (19, 35); 

a stacked gate structure (32) comprising a floating gate (26) and a control gate 
(25) is provided, which stacked gate structure extends above the select gate and covers the 
select gate wall (33) extending at least substantially transversely to the surface, which stacked 
1 5 gate structure is insulated from the select gate by means of the layer of insulating material 
and insulated from the active semiconductor region by means of a gate dielectric (20); 

the active semiconductor region is provided with a source region and a drain 
region (29), the select gate and the stacked gate structure being used as a mask; 
characterized in that 

20 - the layer of insulating material is applied to the select gate wall extending at 

least substantially transversely to the surface in a thickness which, viewed along the surface, 
determines the distance between the select gate and the floating gate -and enables a 
continuous channel to be formed between the source region and the drain region. 

25 8. A method as claimed in claim 7, characterized in that the layer of insulating 

material is applied to the select gate wall extending at least substantially transversely to the 
surface in a thickness below 70 nm. 

9. A method as claimed in claim 7 or 8, characterized in that the layer of 

30 insulating material is applied to the select gate wall extending at least substantially 
transversely to the surface in a thickness ranging between 30 and 50 nm. 



10. A method as claimed in any one of the claims 7 through 9, characterized in 

that prior to the provision of the stacked gate structure, the semiconductor body is subjected 
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to a thermal oxidation treatment, in the course of which the select gate is provided with the 
layer of insulating material and the active semiconductor region is provided with the gate 
dielectric in order to insulate the stacked gate structure from the active semiconductor region. 

11. A method as claimed in any one of the claims 7 through 1 0, characterized in 

that the select gate is formed by providing a stack of a conductive layer provided with an 
insulating layer, which stack is patterned so as to form the select gate in the conductive layer. 



12. A method as claimed in claim 1 1, characterized in that the insulating layer, 

which is applied to the conductive layer, is provided in a thickness above 100 nm. 
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METHOD FOR SINGLE-SCAN, CONTINUOUS MOTION SEQUENTIAL LATERAL SOLIDIFICATION 



SPECIFICATION 



FIELD OF THE INVENTION 

5 The present invention relates to a method and system for processing a 

thin-film semiconductor material, and more particularly to forming large-grained, grain- 
shaped and grain-boundary-location controlled semiconductor thin films from 
amorphous or polycrystalline thin films on a substrate using laser irradiation and a 
continuous motion of the substrate having the semiconductor film being irradiated. 

10 BACKGROUND INFORMATION 

In the field of semiconductor processing, there have been several attempts 
to use lasers to convert thin amorphous silicon films into polycrystalline films. For 
example, in James Im et al., "Crystalline Si Films for Integrated Active-Matrix Liquid- 
Crystal Displays," 11 MRS Bulletin 39 (1996), an overview of conventional excimer 

15 laser annealing technology is described. In such conventional system, an excimer laser 
beam is shaped into a beam having an elongated cross-section which is typically up to 
30 cm long and 500 micrometers or greater in width. The shaped beam is stepped over 
a sample of amorphous silicon (i.e., by translating the sample) to facilitate melting 
thereof and to effectuate the formation of grain-shape and grain boundary-controlled 

20 polycrystalline silicon upon the re-solidification of the sample. 

The use of conventional laser annealing technology to generate 
polycrystallinesilicon is problematic for several reasons. First, the polycrystalline silicon 
generated in the process is typically small grained, of a random micro structure (i.e., poor 
control of grain shapes and grain boundary locations), and having a nonuniform grain 

25 size, therefore resulting in poor and nonuniform devices and accordingly, low 
manufacturing yield. Second, in order to obtain acceptable quality grain-shape and grain- 
boundary-location controlled polycrystalline thin films, the manufacturing throughput 
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for producing such thin films must be kept low. Also, the process generally requires a 
controlled atmosphere and preheating of the amorphous silicon sample, which leads to 
a reduction in throughput rates. Accordingly, there exists a need in the field for a method 
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and system for growing amorphous or polycrystalline thin semiconductor films to 
produce higher quality thin polycrystalline or single crystalline semiconductor silicon 
films at greater throughput rates. There likewise exists a need for manufacturing 
techniques which generate larger and more uniformly microstructured polycrystalline 
silicon thin films to be used in the fabrication of higher quality devices, such as thin film 
transistor arrays for liquid crystal panel displays. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide techniques for producing 
large-grained and grain-shape and grain-boundary, location controlled polycrystalline 
thin film semiconductors using a sequential lateral solidification ("SLS") process, and 
to generate such silicon thin films in an accelerated manner. Another object of the 
present invention is to effectuate such accelerated sequential lateral solidification of the 
• polycrystalline thin film semiconductors provided on a simple and continuous motion 
translation of the semiconductor film, without the necessity of "microtranslating" the thin 
film, and re-irradiating the previously irradiated region in the direction which is the same 
as the direction of the initial irradiation of the thin film while the sample is being 
continuously translated. 

At least some of these objects are accomplished with a method and system 
for processing a semiconductor thin film sample on a substrate. The substrate has a 
surface portion that does not seed crystal growth in the silicon thin film. The film sample 
has a first edge and a second edge. An irradiation beam generator is controlled to emit 
successive irradiation beam pulses at a predetermined repetition rate. Each of the 
irradiation beam pulses is masked to define a first plurality of beamlets and a second 
plurality of beamlets, the first and second plurality of beamlets of each of the irradiation 
pulses being provided for impinging the film sample and having an intensity which is 
sufficient to melt irradiated portions of the film sample throughout their entire thickness. 
The film sample is continuously scanned, at a constant predetermined speed, so that a 
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successive impingement of the first and second beamlets of the irradiation beam pulses 
: occurs in a scanning direction on the film sample between the first edge and the second 
edge. During the continuous scanning of the film sample, a plurality of first areas of the 
film sample are successively irradiated using the first beamlets of the irradiation beam 
5 pulses so that the first areas are melted throughout their thickness and leaving 
unirradiatedregions between respective adjacent ones of the first areas. Also during the 
continuous scanning, each one of the first areas irradiated using the first beamlets of each 
of the irradiation beam pulses is allowed to re-solidify and crystalize* During 
resolidification and crystallization of the first areas, a plurality of second areas of the film 
sample are successively irradiated using the second beamlets of the irradiation beam 
pulses so that the second areas are melted throughout their thickness. Each of the second 
• areaspartially overlaps a respective pair of there-solidified and crystalized firstareas and 
the respective unirradiated region therebetween. 

In another embodiment of the present invention, during the successive 
i irradiation of the second areas by the second beamlets, third areas of the film sample are 
. successively irradiated by me fire^ 
• their thickness, each of the third areas partially overlapping a respective one of the re- 
solidified and crystalized first areas and leaving further unirradiated regions between 
respective adjacent ones of the third areas. One of the first areas and one of the third 
areas may lie on a first line which is parallel to the scanning direction, and one of the 
second areas may lie of a second line which is parallel to the scanning direction. The first 
line preferably extends at an offset from the second line. Upon the successive irradiation 
of the third areas by the first beamlets, each one of the second areas irradiated by the first 
beamlets of each of the irradiation beam pulses can be allowed to re-solidify and 
. crystalize. 

According to another embodiment of the present invention, when the film 
sample is continuously scanned, each one of the third areas irradiated by the first 
beamlets of each of the irradiation beam pulses is allowed to re-solidify and crystalize. 
After the irradiation of the second and third areas, a plurality of fourth areas of the film 
sample are successively irradiated by the second beamlets of the irradiation beam pulses 
so that the fourth areas are melted throughout their thickness, wherein each one of the 
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fourth areas partially overlaps a respective pair of the re-solidified and crystalized third 
areas and the respective further unirradiated region therebetween. 

In yet another embodiment of the present invention, the first edge is 
located on a side of the film sample which is opposite from a side of the film sample on 
5 which the second edge is located. In addition, the first and second impingements along 

• the film sample is continued until the first impingement by the first set of patterned 
beamlets of the film sample and the second impingement by the second set of patterned 
beamlets of the film sample passes the second edge of the film sample. Thereafter, the 
film sample can be positioned so that the first and second sets of patterned beamlets 

1 0 impinge on at a first location outside of boundaries of the film sample with respect to the 
film sample, and then the film sample may be translated so that impingement of the first 
and second sets of patterned beamlets moves from the first location to a second location, 
the second location being outside of the boundaries of the film sample. Finally, the film 
sample can be maintained so that the patterned beamlets impinge on the second location 
until any vibration of the film sample is damped out. With this embodiment, a completed 
portion of the film sample having a predetermined width has preferably been irradiated 
and re-solidified, the film sample having a controlled crystalline grain growth in the 
entire completed portion. 

In still another embodiment, the particular direction extends along a first 
path, the film sample is translated along a second path which is perpendicular to the first 
path. The successive impingement by the first and second beamlets of the irradiation 

• beam-pulses the film sample may pass the second- edge of the film sample. After, the 
successive irradiation of the first and second areas, the film sample is positioned so that 
the first and second beamlets of the irradiation beam pulses impinge on at a first location 
outside of boundaries of the film sample with respect to the film sample. Thereafter, the 
film sample can be positioned so that the successive impingement of the first and second 
beamlets with respect to the film sample moves from the first location to a second 
, location, the second location being outside of the boundaries of the film sample. A 
completed portion of the film sample having a predetermined width which has been 
irradiated, melted throughout its entire thickness and re-solidified can be defined, with 
the film sample having a controlled crystalline grain growth in the entire completed 
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portion. The particular direction may extend along a first path, and the film sample may 
be translated along a second path, the first axis being perpendicular to the first path. The 
second location can be provided at the distance from the first location approximately 
equal to the predetermined width. 
5 According to another embodiment of the present invention, the film 

sample can be continuously scanned, at the constant predetermined speed, so that the 
successive impingement of the first and second beamlets of the irradiation beam pulses 
occurs in a further direction on the film sample between the second edge and the first 
edge, the further direction being opposite to the scanning direction. At that time, a 

1 0 plurality of fifth areas of the film sample can be successively irradiated with the second 
beamlets of the irradiation beam pulses so that the fifth areas are melted throughout their 
thickness and leaving additional unirradiated regions between respective adjacent ones 
of the fifth areas. Also, each one of the fifth areas irradiated by the second beamlets of 
each of the irradiation beam pulses can be allowed to re-solidify and crystalize. 

1 5 Furthermore, a plurality of sixth areas of the film sample can be successively irradiated 
by the first beamlets of the irradiation beam pulses so that the sixth areas are melted 
throughout their thickness, with each one of the sixth areas partially overlapping a 
respective pair of the re-solidified and crystalized fifth areas and the respective 
unirradiated region therebetween. 

20 In still another embodiment, portions of the irradiation beam pulses can 

be masked to emit successive partial intensity irradiation pulse which have a reduced 
intensity so that when the successive partial intensity irradiation pulses irradiate a 
particular region of the film sample, the particular region is melted for less than the entire 
thickness of the film sample. Then, each of the re-solidified and crystalized second areas 

25 can be successively irradiated by the respective one of the successive partial intensity 
irradiation pulses. 

In a further embodiment of the present invention, a method and system for 
processing a semiconductor thin film sample on a substrate is provided. The substrate 
has a surface portion that does not seed crystal growth in the semiconductor thin film. 
30 The film sample has a first edge and a second edge. An irradiation beam generator is 
controlled to emit successive irradiation beam pulses at a predetermined repetition rate. 
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Each of the irradiation beam pulses is masked to define a first plurality of beamlets and 
a second plurality of beamlets, the first and second plurality of beamlets of each of the 
irradiation pulses being provided for impinging the film sample and having an intensity 
which is sufficient to melt irradiated portions of the film sample throughout their entire 
5 thickness. The film sample is continuously scanned, at a constant predetermined speed, 
so that a successive impingement of the first and second beamlets of the irradiation beam 
pulses occurs in a scanning direction on the film sample between the first edge and the 
second edge. During the continuous scanning of the film sample, aplurality of first areas 
of the film sample are successively irradiated using the first beamlets of the irradiation 

10 beam pulses so that the first areas are melted throughout their thickness and leaving 
unirradiated regions adjacent to the first areas. Each of the first areas has a first border 
with a first width, the border extending along a first line which is perpendicular to the 
scanning direction. Also during the continuous scanning, each one of the first areas 
irradiated using the first beamlets of each of the irradiation beam pulses is allowed to re- 

15 solidify and crystalize. Following the resolidification and crystallization of the first 
areas, a plurality of second areas of the film sample are successively irradiated using the 
second beamlets of the irradiation beam pulses so that the second areas are melted 
throughout their thickness. A first region of each one of the second areas completely 
overlaps at least one of the resolidified and crystalized first areas, and a second region 

20 of the respective one of the second areas overlaps the respective unirradiated region 
provided adjacent to the re-solidified and crystalized first area. The first region has a 
second border with a second width which is greater than half of the first width, the 
second border extending along a second line which is parallel to and offset from the first 
line. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments of the present invention will now be described 
in further detail with reference to the accompanying drawings in which: 

Figure 1 shows a diagram of an exemplary embodiment of a system for 
performing a single-scan, continuous motion sequential lateral solidification ("SLS") 
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according to the present invention which does not require a microtranslation of a sample 
for an effective large grain growth in a silicon thin film; 

Figure 2 shows an enlarged view of an exemplary embodiment of the 
sample conceptually subdivided and having the silicon thin film thereon; 

5 Figure 3 shows an enlarged illustration of an intensity pattern of an 

irradiation beam pulse as defined by a first exemplary embodiment of a mask utilized by 
the system and method of the present invention which facilitates the single-scan, 
continuous motion SLS as it impinges the silicon thin film on a substrate; 

Figure 4 shows an exemplary irradiation path of beam pulses impinging 

0 the sample, as the sample is translated by the system of Figure 1, using a first exemplary 
embodiment of the method according to the present invention which provides the single- 
scan, continuous motion SLS; 

Figures 5A-5G show the radiation beam pulse intensity pattern and 
portions of grain structures on an exemplary first conceptual column of the sample 

5 . having the silicon thin film thereon at various sequential stages of the SLS processing 
according to the first exemplary embodiment of the method of the present invention 
illustrated in Figure 4, in which the intensity pattern of the irradiation beam pulse of 
Figure 3 is used to irradiate a first conceptual column of the sample; 

Figures 6A and 6B show the radiation beam pulse intensity pattern and 

0 portions of the grain structures on an exemplary second conceptual column of the sample 
having the silicon thin film thereon at two sequential stages of SLS processing according 
to the first exemplary embodiment of the method of the present invention illustrated in 
Figure 4, which is performed along a second conceptual column of the sample, after the 
silicon thin film of the entire first conceptual column of the sample illustrated in Figures 

5 5A-5G is completely melted, re-solidified and crystalized; 

Figure 7 shows an illustrative diagram of the crystallized silicon film of 
the sample after the silicon thin film in all conceptual columns of the sample is 
completely melted, re-solidified and crystalized; 

Figure 8 shows an enlarged illustration of a second exemplary 

0 embodiment of an intensity pattern of the irradiation beam pulse as defined by a further 
mask utilized by the system and method of the present invention as it impinges the 
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silicon thin film on the substrate, which promotes a growth of larger grains in the silicon 
thin film; 

Figure 9 shows the radiation beam pulse intensity pattern and the grain 
structure of a portion of an exemplary first conceptual column of the sample having the 
silicon thin film thereon at an exemplary stage of the SLS processing according to a 
second exemplary embodiment of the method of the present invention which utilizes the 
mask illustrated in Figure 8 for growing longer grains in the silicon thin film; 

Figure 10 shows an illustrative diagram of a further progression of the 
SLS processing of Figure 9 for the silicon thin film of the sample after the beam pulses 
complete the irradiation of a particular portion of the first conceptual column of the 
sample, which then crystallizes; 

Figure 1 1 shows an enlarged illustration of a third exemplary embodiment 
of an intensity pattern of the irradiation beam pulse as defined by another mask utilized 
by the system and method of the present invention as it impinges the silicon thin film of 
the sample, which includes a single lower-energy portion provided adjacent to one 
section of slit-shaped beamlets of the irradiation beam pulse; 

Figure 12 shows an enlarged illustration a fourth exemplary embodiment 
of an intensity pattern of the irradiation beam pulse as defined by yet another mask 
utilized by the system and method of the present invention as it impinges the silicon thin 
film of the sample, which includes two lower-energy portions, each provided opposite 
to one another and adjacent to a respective different section of slit-shaped beamlets of the 
irradiation beam pulse; 

Figures 1 3 A-l 3D show the radiation beam pulse intensity pattern and the 
grain structure of a portion of an exemplary conceptual first column of the silicon thin 
film provided on the sample at various sequential stages of SLS processing according to 
a third exemplary embodiment of the method of the present invention, which uses the 
technique of the first embodiment of the method illustrated in Figures 5 A-5G, after the 
sample is rotated 90° in a clock-wise direction; 

Figure 14 shows an illustrative diagram of the crystallized silicon film of 
the sample after the silicon thin film in all conceptual columns of the rotated sample have 
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been completely melted, re-solidified and crystalized using the technique illustrated in 
Figures 13A-13D; and 

Figure 1 5 shows a flow diagram illustrating the steps implemented by the 
system of Figure 1 and the method illustrated in Figures 5A-5G and 6A-6B according to 
5 one exemplary embodiment of the present invention, 

DETAILED DESCRIPTION 

Certain systems and methods for providing a continuous motion SLS are 
described in U.S. Patent Application Serial No. 09/526,585 (the " '585 application"), the 
entire disclosure of which is incorporated herein by reference. The '585 application 

0 explicitly describes and illustrates the details of these systems and methods, and their 
utilization- of microtranslations of a sample, which has an amorphous silicon thin film 
provided thereon being irradiated by irradiation beam pulses to promote the sequential 
lateral solidification on the thin film. Similar to the system described in the '585 
application, an exemplary embodiment of a system for carrying out the continuous 

5 motion SLS processing of amorphous silicon thin films according to the present 
invention is illustrated in Figure 1. The exemplary system includes a Lambda Physik 
model LPX-315I XeCl pulsed excimer laser 1 10 emitting an irradiation beam (e.g., a 
laser beam), a controllable beam energy density modulator 120 for modifying the energy 
density of the laser beam, a MicroLas two plate variable attenuator 130, beam steering 

0 mirrors 140, 143, 147, 160 and 162, beam expanding and collimating lenses 141 and 142, 
a beam homogenizer 144, a condenser lens 145, a field lens 148, a projection mask 150 
which may be mounted in a translating stage (not shown), a 4*-6x eye piece 161, a 
controllable shutter 152, a multi-element objective lens 163 for focusing an incident 
radiation beam pulse 164 onto a sample 40 having a silicon thin film 52 to be SLS 

5 processed mounted on a sample translation stage 1 80, a granite block optical bench 1 90 
* supported on a vibration isolation and self-leveling system 191, 192, 193 and 194, and 
a computer 106 (e.g., a general purpose computer executing a program or a special- 
purpose computer) coupled to control the pulsed excimer laser 1 10, the beam energy 
density modulator 120, the variable attenuator 130, the shutter 152 and the sample 

0 translation stage 1 80. 
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The sample translation stage 180 is controlled by the computer 106 to 
effectuate translations of the sample 40 in the planar X- Y directions and the Z direction. 
In this manner, the computer 106 controls the relative position of the sample 40 with 
respect to the irradiation beam pulse 164. The repetition and the energy density of the 
5 irradiation beam pulse 164 are also controlled by the computer 106. It should be 
understood by those skilled in the art that instead of the pulsed excimer laser 1 10, the 
irradiation beam pulse can be generated by another known source of short energy pulses 
suitable for melting a semiconductor (or silicon) thin film 52 in the manner described 
herein below. Such known source can be a pulsed solid state laser, a chopped continuous 

10 wave laser, a pulsed electron beam and a pulsed ion beam, etc. with appropriate 
modifications to the radiation beam path from the source 1 10 to the sample 40. While 
the computer 106, in the exemplary embodiment of the system shown in Figure 1, 
controls translations of the sample40 for carrying out the single-scan, continuous motion 
SLS processing of the silicon thin film 52 according to the present invention, the 

15 computer 1 06 may also be adapted to control the translations of the mask 1 50 and/or the 
excimer laser 110 mounted in an appropriate mask/laser beam translation stage (not 
shown for the simplicity of the depiction) to shift the intensity pattern of the irradiation 
beam pulses 164, with respect to the silicon thin film 52, along a controlled beam path. 
Another possible way to shift the intensity pattern of the irradiation beam pulse is to have 

20 the computer 1 06 control a beam steering mirror. The exemplary system of Figure 1 may 
be used to carry out the single-scan, continuous motion SLS processing of the silicon thin 
film 52 on the sample 40 in the manner described below in further detail. 

As described in further detail in the '585 application, an amorphous 
silicon thin film sample is processed into a single or polycrystalline silicon thin film by 

25 generating a plurality of excimer laser pulses of a predetermined fluence, controllably 
modulating the fluence of the excimer laser pulses, homogenizing the intensity profile 
of the laser pulse plane, masking each homogenized laser pulses to define beamlets, 
irradiating the amorphous silicon thin film sample with the beamlets to effect melting of 
portions thereof that were irradiated by the beamlets, and controllably and continuously 

30 translating the sample with respect to the patterned beamlets. The output of the beamlets, 
as provided in the '585 application, is controllably modulated to thereby process the 
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amorphous silicon thin film provided on the sample into a single or grain-shape, grain- 
boundary-location controlled polycrystalline silicon thin film by the continuous motion 
sequential translation of the sample relative to the beamlets, and the irradiation of the 
sample by the beamlets of masked irradiation pulses of varying fluence at corresponding 
5 sequential locations thereon. One of the advantageous improvements of system and 
method according' to the present invention is that there is a significant saving of 
processing time to irradiate and promote the SLS on the silicon thin film of the sample 
by completing the irradiation of a section of the sample 40 without the requirement of 
any microtranslation of the sample to be performed (i.e., the microtranslations as 

10 described in the '585 application). 

Figure 2 shows an enlarged view of an exemplary embodiment of the 
sample 40 having the amorphous silicon thin film 52 thereon. This exemplary sample 
40, as shown in Figure 2, is sized 40cm in the Y-direction by 30cm in the X-direction. 
The sample 40 is conceptually subdivided into a number of columns (e.g., a first column 

15 2 1 0, a second column 220, etc.). The location/size of each column is stored in a storage 
device of the computer 106, and utilized by the computer 106 for later controlling the 
translation of the sample 40. Each of the columns 210, 220, etc. is dimensioned, e.g., 
2cm in the X-direction by 40cm in the Y-direction. Thus, if the sample 40 is sized 30cm 
in the X-direction, the sample 40 may be conceptually subdivided into fifteen (15) 

20 columns. Within the constraints of the system discussed below, the sample 40 may be 
subdivided into columns having different dimensions (e.g., 1cm by 40cm columns, 3cm 
by 40cm columns, 4cm by 40cm columns, etc.). When the sample 40 is conceptually 
subdivided into columns, at least a small portion of each column extending for the entire 
length of the column should be overlapped by the neighboring coIumn(s), i.e., an 

25 overlapped portion 230, so as to avoid a possibility of having any unirradiated areas of 
the silicon thin film 52. The overlapped portions 230 are preferably provided between all 
neighboring columns. For example, the overlapped area may have a width of 1 \xm. It 
should be understood that other widths of the overlapped portions are possible, such as 
2^im, and are within the scope of the present invention. 

30 Figure 3 shows an enlarged illustration of a first exemplary embodiment 

of an intensity pattern 235 of the masked irradiation beam pulse 164 which is defined by 



PCT7US01/12799 
12 

the mask 150 as it impinges the silicon thin film 52 provided on the sample 40. The 
intensity pattern 235 is produced by placing the mask 150, which has a particular pattern 
of the transparent and opaque regions, in the path of the homogenized irradiation beam 
149, and the resultant beamlets exiting the mask 150 are focused by the objective lens 
5 163 to produce the masked irradiation beam pulse 164 having the desired intensity 
pattern 235. Using such intensity pattern 235, the system and method of the present 
invention can effectuate the single-scan, continuous motion SLS of the silicon thin film 
52. The first exemplary intensity profile 235 shown in tWs drawing includes two beamlet 
sections 250, 260, with the slit-shaped beamlets in each section being separated fiom one 

1 0 another in a predetermined manner. The location of the slit-shaped beamlets 255 of the 
first section 250 are provided at an offset in the X-direction with respect to the location 
of the slit-shaped beamlets 265 of the second section 260. A detailed; discussion of the 
exemplary intensity pattern 235 shown in Figure 3 is provided below. 

As described above, the intensity pattern 235 includes two sections, i.e., 

1 5 a first beamlet section 250 and a second beamlet section 260. The first beamlet section 
250 has first slit-shaped beamlets 255, each having a width of approximately 3/^m in the 
X-direction and a length of approximately , / 2 mm in the Y-direction. The first slit-shaped 
beamlets 255 are equidistantly spaced from one another by first shadowregions 257 (i.e., 
the first slit-shaped beamlets 255 are spaced apart from one another by these first shadow 

20 regions 257). The first shadow regions 257 may have a width of, e.g., 1 l / 2/ um. 

As shown in Figure 3, the second beamlet section 260 is located 
substantially adjacent to the first beamlet section 250 in the Y-direction, and has second 
slit-shaped beamlets 265. The second beamlet section 260 includes second shadow 
regions 267 separating the second slit-shaped beamlets 265 from one another. The 

25 second slit-shaped beamlets 265 and the second shadow regions 267 are separated from 
the first slit-shaped beamlets 255 and the first shadow regions 257 by an intervening 
shadow region 240. The dimensions of the second slit-shaped beamlets 265 and the 
second shadow regions 267 are substantially similar to those of the first slit-shaped 
beamlets 255 and the first shadow regions 257, respectively. It is preferable for an edge 

30 258 of each one of the first slit-shaped beamlets 255, which extends in the Y-direction, 
to coincide with a line M which extends into the area of a respective one second slit- 
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shaped beamlet 265, and for the other edge 259 of each first slit-shaped beamlet 255 to 
coincide with a line N which extends into the area of the second slfcshaped beamlets 265 
adjacent to the one of the second slit-shaped beamlets having the line M extending 
therethrough. The first beamlet section 250 is separated from the second beamlet section 
5 260 by an intervening shadow region 240 having a width of 5^m. It should be noted that 
the masked irradiation beam pulse 1 64 does not project any beam energy into the shadow 
regions 257, 267, 240, while providing the full laser pulse intensity of the beamlets onto 
the silicon thin film 52. 

Therefore, the dimension of the intensity pattern 235 in the Y-direction 

10 should be approximately 1.005 mm after adding the length of the first slit-shaped 
beamlets 255 (Vimm) and those of the second slit-shaped beamlets 265 O^mm), plus 5^m 
to account for the intervening shadow region 240. The dimension of the intensity pattern 
235 in the X-direction should be equal to the width of the conceptual columns 210, 220. 
Therefore, the approximate dimension of the exemplary intensity pattern 235 shown in 

15 Figure 3 is 2cm in the X-direction by approximately 1.005 mm in the Y-direction, In 
addition, the cross-section of the homogenized irradiation beam 149 should be at least 
large enough to cover the portion of the mask 1 50 that defines the intensity pattern 235. 
The array of beamlets 151 exiting the mask 150 and then focused by the objective lens 
163 results in the masked irradiation beam pulse 164 having dimensions in the X- 

20 direction that substantially matches the width of each of the conceptual columns 2 1 0, 220 
of the sample 40. It is preferable for the width the cross-sections of the masked 
irradiation beam pulse 1 64 (and thus of the intensity pattern 23 5) in the X-direction to be 
slightly greater than the width of each of the conceptual columns 210, 220. The 
advantages of such dimensions will be understood from the further description of the first 

25 embodiment of the method according to the present invention as discussed in greater 
detail below. 

It should be understood that the width of the first and second slit-shaped 
beamlets 255, 265 may depend on a number of factors, e.g., the energy density of the 
incident laser pulse, the duration of the incident irradiation beam pulse, the thickness of 
30 the silicon thin film 52 provided on the sample 40, the temperature and thermal 
conductivity of the substrate, etc. While it is desirable from the standpoint of processing 
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efficiency to utilize the slit-shaped beamlets 255, 265 which have a larger width in the 
X-direction so as to cover a greater width of the sample 40, it is important to select the 
width of the first and second slit-shaped beamlets 255, 265 such that when portions of 
the silicon thin film 52 provided on the sample 40 are irradiated thereby and are 
5 completely melted throughout their thickness, no nucleation occurs within such melted 
portions when they re-solidify and crystalize. ^particular, if the width of the slit-shaped 
beamlets 255, 265 is too large, certain areas within the fully-melted portions may re- 
solidify before the controlled lateral grain growth reaches these areas. If this occurs, the 
control of the grain growth in the irradiated areas will be compromised. 

1 0 Other dimension and shapes of the first slit-shaped beamlets 255, the first 

shadow regions 257, the second slit-shaped beamlets 265, the second shadow regions 267 
and/or the shadow region 240 are contemplated, and are within the scope of the present 
invention. For example, if the extension or length of each of the first and second slit- 
shaped beamlets 255, 265 is approximately 1mm (i.e.,"uistead of 54mm), the dimension 

1 5 of the intensity pattern 235 of the masked irradiation beam pulse 1 64 in the Y-direction 
would be 2mm. 

One of the important aspects of the intensity pattern 235 according to the 
present invention is that if the sample 40 is translated such that portions of the silicon thin 
film areas previously irradiated by the first beamlet section 250 (as well as re-solidified 

20 and crystalized) are irradiated by the second beamlet section 260, each of the slit-shaped 
second beamlets partially overlap a respective pair of regions previously irradiated by the 
first slit-shaped beamlets 255 of the first beamlet section 250, as well as overlapping the 
unirradiated region (i.e., the region overlapped by a respective shadow region 257) 
therebetween. This is because when the sample 40 is translated in the Y-direction by the 

25 sample translation stage 180, the second slit-shaped beamlets 265 of the masked 
irradiation beam pulse 164 should completely melt a portion of the silicon thin 52 film 
which was previously melted (by the first slit-shaped beamlets 255 of the masked 
irradiation beam pulse 164), cooled, re-solidified and crystallized. Such preferable' 
technique accordingto the present invention promotes the lateral, controlled grain growth 

30 in the cooling regions of the silicon thin film 52 to extend such grain growth from the 
area that was completely melted by the first slit-shaped beamlets 255, cooled and re- 
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solidified (and not later re-melted) into the area that was previously solidified and re- 
melted, and to further extend lateral crystal into the newly melted area (that is adjacent 
to the originally-melted area). The details of this technique and method according to the 
preferred embodiment of the present invention is described in further detail below. 

5 For the exemplary sample 40 shown in Figure 2 and described above, and 

for the purposes of the foregoing, the intensity pattern 235 of the masked irradiation 
beam pulse 164 may be defined as 2cm.in the X-directiori by Vicm in the Y-direction 
(e.g., a rectangular shape). However, as described above, the intensity pattern 235 of the 
masked irradiation beam pulse 1 64 is not limited to any particular shape or size. Indeed, 

0 other shapes and/or sizes of the intensity pattern 235 may be used, as would be apparent 
to those having ordinary skill in the art based on the teachings provided herein (e.g., 
square shape, circle, etc.). It should be understood that if a different the intensity pattern 
of the masked irradiation beam pulse 164 is desired, the mask 150, and possibly of the 
homogenized irradiation beam 149 would have to be modified to define the intensity 

5 pattern 235 after focusing by the objective lens 163. 

The cross-section of the masked irradiated beam pulse 1 64 (i.e., the beam 
pulse area (B/J) can be determined as follows: 

D „ ^PULSE X K OPTICS /1N 
c:u PROCESS 

where Ep^^ is the energy per pulse of the laser or pulsed irradiation beam, K^cs is the 
0 fraction of the irradiation beam energy passing through the optics of the system, and 
EDpRocEss is the energy density of th<? process (e.g., 500 mJ/cm 2 for 500A silicon thin film 
and 30 nseconds pulse duration). It is preferably to determine ED PR0CESS experimentally. 

Referring now to Figures 4, 5 A-5G and 6A-6B to describe the details of 
the first exemplary embodiment of the method according to the present invention, Figure 
5 4 shows an exemplary irradiation path of beam pulses impinging portions of the silicon 
thin film 52 provided on the sample 40 as the sample 40 is translated under the control 
of the computer 106 by the sample translation stage 180 of Figure 1. In this drawing, a 
first exemplary embodiment of a method which effectuates the single-scan, continuous 
motion SLS according to the present invention, is utilized. Figures 5A-5G show the 
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intensity pattern of the radiation beam pulse 1 64 and the grain structure on an exemplary 
first conceptual column 2 1 0 of a silicon thin film on the sample 40 at various sequential 
stages of continuous motion SLS processing according to the first exemplary 
embodiment of the method of the present invention, which is discussed below with 
5 reference to Figure 4. In this part of the method, the masked radiation beam pulsesl64 
have an intensity pattern defined by the mask 150 to provide the intensity pattern 235 
which is illustrated in Figure 3. Figures 6A-6B show the masked radiation beam pulse 
intensity pattern and portions of the grain structures in an exemplary second conceptual 
column 220 of the sample 40 having the silicon thin film 52 thereon at two sequential 
stages of SLS processing according to the first exemplary embodiment of the method of 
the present invention illustrated in Figure 4. This part of the method is performed after 
the silicon thin film 52 of the entire conceptual first column 210 of the sample 40 
illustrated in Figures 5A-5G is completely melted, cooled, re-solidified and crystalized. 

Turning first to Figure 4, the sample 40 is placed on the sample translation 
stage 1 80, which is controlled by the computer 106. The sample 40 is placed such that 
the fixed position masked irradiation beam pulse 164 (having the intensity pattern 235 
defined by the mask 150) impinges on a location 300 away from the sample 40. 
Thereafter, the sample 40 is translated in the Y-direction, and gains momentum to reach 
a predetermined velocity before the masked irradiation beam pulse 164 reaches and 
impinges an edge 45 of the sample 40 at a location 3 10. This is shown in Figure 4 as a 
path 305 which illustrates the path of the masked irradiation beam pulse 164 as the 
sample 40 is translated in the Y-direction. By controlling the motion of the sample 40 
in the X and Y directions, the computer 106 controls the relative position of the sample 
40 with respect to the masked irradiation beam pulse 1 64 which irradiates the silicon thin 
film 52 provided on the sample 40. The pulse duration, the pulse repetition rate and the 
energy of each pulse of the masked irradiation beam pulse 164 are also controlled by the 
computer 106. 

In the first embodiment of the present invention as illustrated in Figure 4, 
the sample 40 is translated with respect to the stationary irradiation beam pulse 164 in 
order to sequentially irradiated successive portions of the silicon thin film 52 along 
predefined paths of irradiation to obtain a lateral growth of large grains having controlled 
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grain size and shape, and controlled grain boundary location and orientation in the silicon 
thin film 52. In particular, as the sample 40 is translated in the Y-direction, the stationary 
irradiation beam pulse 164 impinges and melts successive portions of the entire first 
column 210 along a path 315, starting from the location 310 until the radiation beam 
5 pulse 1 64 reaches a bottom edge 47 (opposite and parallel to the edge 45) at a location 
320. The masked irradiated beam pulses 1 64 are only limited to the intensity pattern 235 
defined by the mask 150 so long as each beamlet of the intensity pattern 235 of each 
masked irradiation beam pulse 164 has sufficient energy to melt a region of the silicon 
thin film 52 which it irradiates throughout its entire thickness, and eachmelted region of 

1 0 the silicon thin film 52 is sufficiently dimensioned to allow the lateral growth of grains 
in the melted region without nucleation inside the melted regions. 

To reiterate, the paths of the irradiation of the silicon thin film 52 are 
shown in Figure 4 in the frame of reference of the translating sample 40 so that the 
stationary irradiation beam pulse 164 (shown in Figure 1) is depicted as traversing the 

15 stationary sample 40. 

As shown in Figure 4, the computer 1 06 causes the radiation beam pulse 
164 to be emitted and the sample 40 to be positioned such that the masked irradiated 
beam pulse 164 impinges a first location 300 in the frame of reference of the sample 40. 
The sample 40 is then accelerated in the +Y direction under the control of the computer 

20 106 to reach a predetermined velocity with respect to the stationary irradiation beam 
pulse 164, which traces a first path 305 not on the sample 40. It is noted again that the 
path 305 is not the result of movement of the masked irradiated beam' pulse 164, which 
is stationary, but represents the movement of the sample 40 relative to the stationary 
irradiation beam pulse 164. 

25 When the upper edge 45 of the sample 40 reaches the position of 

impingement by the radiation beam pulse 164 at the location 310, the sample 40 is 
translating at the predetermined velocity with respect to the stationary irradiation beam 
pulse 164. The predetermined velocity V can be defined according to the following 
equation: 
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where f is the frequency (pulse repetition rate) of the stationary irradiation beam pulse 
164 and W B is the dimension of the masked irradiation beam pulse 164 in the Y- 
direction. As discussed above, the dimension of the masked irradiated beam pulse 164 
in the Y-direction may be 2cm. The frequency f of the stationary irradiation beam pulse 

5 164 may have a repetition pulse rate between 100 hertz and 500 hertz (preferably 250 
hertz). In this embodiment of the present invention, the predetermined velocity is, for 
example, 250 cm/sec. It is also possible to utilize other frequency ranges depending on 
the configuration and the type of the excimer laser 110 being used. Thereafter, the 
sample 40 is continuously translated in the +Y direction at the predetermined velocity 

0 while the masked irradiated beam pulses 1 64 irradiates successive portions of the silicon 
thin film 52 provided on the sample 40 at a predetermined pulsed repetition rate along 
a second irradiation path 315, which traverses the length of the sample 40 in the -Y 
direction. 

Figures 5 A-5G illustrate the sequential steps of the irradiation (i.e., by the 

5 radiation beam pulse 164) and the re-solidification of the first column 210 of the silicon 
thin film 52 provided on the sample 40 as the sample 40 is translated in the +Y direction 
so that the successive portion of the silicon thin film 52 in the first column 210 of the 
sample 40 are irradiated along the second irradiation path 3 1 5. 

In particular, Figure 5A shows the irradiation and complete melting of 

} first areas 410 of the silicon thin film 52 in the first conceptual column 210 adjacent to 
the top edge 45 of the sample 40 where the sample 40 is overlapped only by the first 
beamlet section 250 of the intensity pattern 235 of the stationary radiation beam pulse 
1 64, and the first slit-shaped beamlets 255 irradiates and completely melts the silicon thin 
film 52 in areas 410 of the sample. Regions 415 of the silicon thin film 52 on the sample 

5 40 are not irradiated and melted as a result of being overlapped by the first shadow 
regions 257 of the intensity pattern 235 of the masked irradiated beam pulse 164. 

As the sample 40 is translated past the location 3 1 0 (illustrated in Figure 
4), the masked irradiated beam pulse 1 64 provides emit the first slit-shaped beamlets 255 
of the intensity profile 235 (or a first masked radiation beam pulse) and irradiates each 

) of the first areas 410 of the silicon thin film 52 oh the first conceptual column 210. In 
this manner, the silicon thin film portions provided in the first areas 410 are melted 
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throughout the entire thickness thereof. It should be noted that each of the regions 41 5 
of the first column 210 of the sample 40, overlapped by a respective one of the first 
shadow regions 257 of the intensity profile 235 remains unmelted. 

Turning now to Figure 5B, before the irradiation by a second irradiation 
5 beam pulse, in accordance with the predetermined pulse repetition rate, each of the areas 
410 of the silicon thin film 52 in the first conceptual column 210 of the sample 40 that 
were melted by the first radiation beam pulse cools, re-solidifies and crystalizes to form 
two columns of grains 420, 425 grown towards one another from the respective adjoining 
unmelted regions 415. 

0 During re-solidification and crystallization of the melted first areas 410, 

the unmelted regions 415 bordering the melted first areas 4 1 0 seed the lateral growth of 
grains in respective adjoining melted first areas 410. The two columns 420, 425 abut 
one another along a respective one of a plurality of grain abutment boundaries 430 after 
the abutting grains have grown by a characteristic growth distance of approximately 
5 1.5//m. Both columns of grains 420, 425 in each one of the re-solidification first areas 
410 have a respective central portion in which grain boundaries form large angles (e.g., 
approximately 90°) with respect to the irradiation path 315. 

While the cooling, re-solidification and crystallization of the melted areas 
410 is taking place, the sample 40 is being continuously translated with respect to the 
0 stationary irradiation beam pulse 1 64 along the irradiation path 3 1 5 in the Y-direction. 
This is because when another area of the silicon thin film 52 on the first column 210 is 
irradiated by the second radiation beam pulse, the second beamlets 265 of the intensity 
pattern 235 of the stationary irradiation beam pulse 164 impinges the respective portion 
of the silicon thin film 52 so as to only partially overlap the respective adjacent pairs of 
the re-solidified and crystalized areas 41 0 and the unirradiated regions therebetween. For 
example, the timing for the emission of the second radiation beam pulse is controlled 
such that the distance of the translation of the sample 40 is less than the length of the 
first slit-shaped beamlets 255 (e.g., Hmm). 

Turning to Figure 5C, the silicon thin film 52 in the first conceptual 
column 210 of the sample 40 is irradiated using both the first and second beamlet 
sections 250, 260 of the intensity profile 235. When the sample 40 reaches the position 
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on the first column 2 1 0 at which the first slit-shaped beamlets 25 5 of the intensity profile 
235 would overlap certain portions of the re-solidified areas 410, the computerl06 
controls the excimer laser 1 10 to generate another irradiation beam pulse through the 
mask 150 (i.e., the second radiation beam pulse) to irradiate particular areas of portions 
5 of the silicon thin film 52 in the first conceptual column 210. The computer 106 times 
the pulses and controls the translation of the sample 40 so that the second radiation beam 
pulse irradiates the appropriate areas of the silicon thin film 52 as discussed below. 

As shown in Figure 5C, the second radiation laser pulse is generated so 
that the first slit-shaped beamlets 255 irradiate and completely melt second areas 435 of 
0 the silicon thin film 52 in the first conceptual column 210, and the second slit-shaped 
beamlets 265 completely melt third areas 445 of the silicon thin film 52 in the first 
conceptual column 210. The second areas 435 preferably extend along the same 
scanning path in the first column 21 0 as the first areas 41 0 that are shown in Figure 5B. 
However, the second areas 435 are provided at an offset, the distance of which is slightly 
5 less than then length of the first areas 410 (i.e., 54mm) in the negative Y-direction. As 
shown in Figure 5C, overlapped areas 440 are provided between the first areas 410 and 
the second areas 435 which are small sections of the first areas 410 that were re- 
solidified, but again completely melted by the first slit-shaped beamlets 255 of the 
intensity profile 255. The computer 106 controls the timing of the pulses and the 
translation of the sample 40 to allow for the existence of such overlapped areas 440 so 
as to avoid the possibility of having unirradiated areas on the silicon thin film 52. The 
width of the overlapped areas 440 can be, e.g., 1 /mi. Other width of the overlapped areas 
440 may also be used (e.g., 0.5^m, 1.5/mi, 2/mi, etc.) 

The third areas 445 preferably extend along a line Q (in the Y-direction) 
which is parallel to the centerline P, along which the first areas 41 O and the second areas 

435 extend, and offset therefrom by approximately 0.75//m. In addition, the bottom edge 

436 of each of the second areas 435 is offset with respect to the Y-direction by. 505/mi 
from the bottom edge 446 of the respective third area 445. The top edge 437 of each of 
the second areas 43 5 is offset in the Y-direction by 5jum from the bottom edge 446 of the 
respective third area 445. Because of such configuration of the second areas 435 and the 
third areas 445, the third areas 445 overlap certain portions 450 of the re-solidified first 
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areas 410 melted by the first masked irradiation beam pulse. Therefore, the silicon thin 
film 52 in these portions 450, which were overlapped by the third areas 445, are again 
completely melted throughout its thickness along with the previously unmelted regions. 

Figure 5D shows the cooling, re-solidification, grain growth and 
5 crystallization of the completely melted silicon thin film 52 provided in the second and 
third areas 435, 445, the overlapped areas 440 and the portion 450, and the previous 
melted regions. With reference to the second areas 435, each of these areas 410 re- 
solidifies and crystalizes to form two columns of grains 460, 465 that are seeded and 
grown towards one another from the adjoining unmelted regions 455. The two columns 
460, 465 abut one another along a respective one of a plurality of grain abutment 
boundaries 468 after the abutting grains have grown by a characteristic growth distance 
of approximately 1 .5/zm. Both columns 460, 465 in each of the second re-solidification 
areas 435 have a respective central portion in which grain boundaries form large angles 
(e.g., approximately 90°) with respect to the second irradiation path 315. 

In the melted third areas 445 that adjoin respective non-overlapped 
portions of the first areas 410, which have been previously irradiated and re-solidified, 
the grains in such non-overlapped portions of the first areas 410 seed grain growth in the 
adjoining region of the third areas 445 until grains growing in the opposite directions in 
the third areas 445 abut one another at a grain abutment boundaries 470. In this manner, 
the grains of the first areas 410 of grains 420, 425 of silicon thin film 52 in the first areas 
are extended into the third areas 445 so as to increase the lengths of the grains. 

Similarly to the discussion above with reference to Figure 5B, while re- 
solidification of the second and third melted areas 435, 445 is taking place, the sample 
40 is being continuously translated with respect to the stationary irradiation beam pulse 
1 64 along the second irradiation path 3 1 5. In particular, the sample 40 is translated so 
that another area of the silicon thin film 52 is irradiated by a third radiation beam pulse 
having the intensity pattern 235 shown in Figure 3, and the sample 40 is translated so as 
to only partially overlap certain regions of the re-solidified second and third areas 435, 
445 by the third irradiation beam pulse. The timin g of the generation of the third 
irradiation beam pulse is controlled in the similar manner as the control of the generation 
of the second pulse described above. 
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Turning to Figure 5E, the third radiation laser pulse is generated so that 
the first slit-shaped beamlets 255 irradiate and completely melt fourth areas 475 of the 
silicon thin film 52 in the first column 210, and the second slit-shaped beamlets 265 
completely melt fifth areas 485 of the silicon thin film 52 in the first column 210. The 
5 fourth areas 475 preferably extend in the same direction as the first areas 410 which are 
illustrated in Figure 5B. Similarly to the second areas 435 of Figure 5C, the fourth areas 
475 are provided at a distance from the second areas 435 in the negative Y-direction 
which is slightly less than the length of the second areas 435 (i.e., slightly less than 
'/amm). Overlapped areas .490 provided between the second areas 435 and the fourth 

1 0 areas 475, and overlapped areas 495 provided between the third areas 445 and the fifth 
areas 485 are small sections of the first and second areas, respectively, which were re- 
solidified but again completely melted by the first and second slit-shaped beamlets 25 5, 
265 of the further intensity profile 405 of the masked irradiated beam pulse 164, 
respectively. The computer 106 controls the timing of the pulses and the translation of 

15 the sample 40 to allow for the creation of such overlapped areas 490, 495 in order to 
avoid the possibility of having unirradiated areas on the silicon thin film 52. The width 
of the overlapped areas 490, 495 is similar to that of the overlapped areas 440. 

The positional relationship between the fourth and fifth areas 475, 485 is 
substantially the same as the positional relationship between the second and third areas 

20 435, 445, the details of which are described above. Due to such configuration, the fifth 
areas 485 overlap certain portions 497 of the third re-solidified areas 445. Therefore, the 
silicon thin film 52 in these portions 497 (which were overlapped by the fifth areas 485) 
is again completely melted. 

Figure 5F shows the re-solidification and grain growth in the previously 
25 completely melted fourth and fifth areas 475, 485 and the overlapped areas 490, 497. 
The description of the re-solidification and lateral growth provided above with reference 
to Figure 5D is equally applicable herein. In particular, as the fourth areas 475 are re- 
solidified, and the controlled grain lateral growth occurs therein that is seeded from their 
edges, two columns of grain formations 500, 505 are formed, thus effectively extending 
30 the columns 460, 465, respectively. With respect to the fifth areas 485, two columns of 
grain formations 510, 515 are also formed in a similar manner. Thus, the controlled 
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lateral grain growth of the silicon thin film 52 is further extended along the first column 
21 0 to include the previously and completely melted silicon thin film 52 provided in the 
fourth and fifth areas 475, 485. 

As the sample 40 is continuously translated and the first column 210 of 
5 the silicon thin film 52 is irradiated by the masked irradiated beam pulse 1 64 along the 
second path 315, further areas of the silicon thin film 52 on the first column 210 are 
melted consistent with the melting configuration of the areas 435, 445 and the areas 475, 
485, and the controlled sequential lateral solidification and grain growth in all such 
further areas of the first column 210 is effectuated. Thus, all portions of the silicon thin 
1 0 film 52 in the entire first conceptual column 2 1 0 of the sample 40 between the top edge 
45 and the bottom edge 47 of the sample 40 are subjected to the continuous motion SLS. 
Since all areas in the first column 210 have been irradiated and subjected to the SLS, 
there is no need to further re-irradiate any portion of the silicon thin film 52 provided 
therein. In particular, the end product of such continuous motion SLS for the first 

15 column 210 is illustrated in Figure 5G, which shows that when the cooling and re- 
solidification of all melted areas 410, 435, 445, 475, 485, etc. is completed, a re- 
solidification region 520 is formed having contiguous columns 510 of relatively long 
grains, along with grain boundaries oriented generally along the X-direction. This is an 
improvement over the prior SLS methods which require microtranslations of the sample 

20 40 to be performed while each respective column of such sample is irradiated using the 
radiation beam pulse. Such microtranslations require the continuous translation of the 
sample to be slowed to a stop, the sampled to be microtranslated, then to increase the 
speed of the translation of the sample via the sample translation stage to reach a 
predetermined velocity, and to continue with the translation of the sample while 

25 irradiating the particular column of the silicon thin film. 

Turning back to Figure 4, when the sample 40 is translated so that the 
fixed position of impingement of the masked irradiated beam pulse 164 reaches a bottom 
edge 47 of the sample 40 at a location 320 with respect to the position of the sample 40, 
the translation of the sample 40 is slowed along a third path 325 until the sample 40 

30 comes to a full stop when the fixed position of impingement of the radiation beam pulse 
164 is at a location 330 with respect to the position of the sample 40. In the present 
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embodiment, the predetennined pulse repetition rate is, for example, 250-300 pulses/sec 
(which is preferable for the excimer laser 1 10 used herein) and each pulse provides a 
beamlet intensity of approximately 500 mJ/cm 2 with a pulse duration of approximately 
30 nseconds. 

5 After the stationary irradiation beam pulse 1 64 in the frame of reference 

of the translating sample 40 has come to a stop at the location 330, the sample 40 
translated in the X direction under the control of the computer 106 so that the pulsed 
irradiation beam pulse 164 traces a fourth path 335 until the masked irradiation beam 
pulse 1 64 impinges the sample 40 at a location 340. The sample 40 is then accelerated 

10 in the -Y direction so that the pulsed irradiation beam traverses a fifth path 345 such that 
the sample 40 reaches the predetermined velocity of translation by the time the bottom 
edge 47 of the sample 40 reaches a position 347 of impingement of the masked irradiated 
beam pulse 164. Thereafter, the sample 40 is continuously translated at the 
predetermined velocity in the - Y direction for the entire length of a sixth irradiation path 

1 5 350, while the masked irradiation beam pulse 164 sequentially irradiates the metal layer 
52 on second column 220 of the sample 40 at the predetermined pulsed repetition rate., 
Referring to Figure 6A, there is shown a portion 540 of the silicon thin 
film 52 in the second conceptual column 220 immediately above the lower edge 47 of the 
sample 40i after the translation of the sample 40, so that it is impinged by the masked 

20 irradiated beam pulse 164 along the sixth path 250. The portion 540 of the silicon thin 
film 52 in the second column 220 is first irradiated using the second slit-shaped beamlets 
265, and areas 550 of the portion 540 are completely melted throughout their entire 
thickness. This is because the portion of the intensity profile of the masked irradiated 
beam pulse 164 which irradiates and completely melts the areas 550 using the second 

25 beamlet section 260 having the second slit-shaped beamlets 265 provided in the 
configuration that was described above. At this point in the process, the first slit-shaped 
beamlets 255 do not irradiate the second column 220 of the sample 40 because they are 
irradiated outside the boundaries of the sample 40 (i.e., below the bottom edge '47). It 
should be noted that a small strip 550 of a particular area 550, which is adjacent to the 

30 re-solidification region 520 of the first conceptual column 2 1 0, slightly overlaps a small 
portion 555 of the re-solidification region 520 along the length of such area 550 (e.g., for 
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14mm). Prior to the irradiation by the second siit-shaped beamlets 265, when the masked 
irradiated beam pulse 164 impinges the sample 40 along the sixth path 350, this small 
portion 555 is subjected to the irradiation and SLS in the first column 210 of the sample. 
The small portion 555 corresponds to a initial section of the overlapping portion 230 
5 shown in Figure 4. The irradiated and melted silicon thin film 52 of the areas 550 are 
separated by the shadow areas 56Q. As described above, the reason that these areas 560 
were not irradiated is because the first shadow regions 267 of the intensity pattern 23 5 
of the masked irradiated beam pulse 1 64did not irradiate and melt the areas 560. 

The silicon thin film 52 provided in the areas 550 cool and re-solidify to 

1 0 effect lateral grain growth therein starting from their respective edges. In particular, each 
area 550 has two abutting columns of grains 570, 575 (shown in Figure 6B) which extend 
along the entire length of the respective area 550. As described above with respect to the 
SLS of the first column 210, the grain growth is initiated from and seeded from the 
shadow areas 560 toward a center of the respective areas 550. With respect to the 

1 5 particular area 550 which has the small overlapping area 555, the grains of neighboring 
completed portion 565 seed and laterally grow into that particular area 550. 

Turning to Figure 6B as the areas 550 cool and re-solidify, the sample 40 
is continuously translated in the negative Y-direction at the predetermined velocity along 
the sixth path 350, and another portion of the silicon thin film 52 in the second 

20 conceptual column 220 is irradiated. Since the masked irradiated beam pulse 164 
impinges the silicon thin film 52 along the sixth path 350 while the sample 40 is 
translated by the computer 106 as described above, the second slit-shaped beamlets 265 
irradiate and completely melt the silicon thin film 52 in areas 580. As discussed abqve 
with reference to Figures 5C and 6A, each of the areas 580 has a small area 582 which 

25 overlaps a portion of the previously irradiated and re-solidified respective area 550. In 
addition and as described above with reference to Figure 6 A, the particular area 580 
bordering the re-solidification region 520 has a small area 583 which overlaps and melts 
a portion 584 thereof In addition, the first slit-shaped beamlet 255 irradiate and 
completely melt the silicon thin film 52 in the areas 585. A small area 583 corresponds 

30 to a portion of the overlapping portion 230 shown in Figure 4 which is subsequent to the 
small area 555 illustrated in Figure 6A. 
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As further shown in Figure 6B, the areas 585 are provided at a distance 
from the areas 580 (in the negative Y-direction) slightly greater than the entire length of 
the areas 580. The configuration of the areas 580, 585 with respect to one another is 
substantially similar to the configuration of the areas 435, 445 described above and 
5 shown in Figure 5C. Thereafter, the areas 580, 585 cool and re-solidify in a substantially 
the same manner described above with reference to in Figure 5C, only that the SLS for 
the silicon thin film 52 provided in the second column 220 of the sample if effectuated 
from the bottom edge 47 of the sample 40, instead of from the top edge 45 as provided 
for the first column 2 1 0. 

10 Again turning back to Figure 4, when the sample 40 is translated in the 

-Y direction so that the fixed position of impingement of the masked irradiated beam 
pulse 164 reaches the top edge 45 of the sample 40, the translation of the sample 40 is 
slowed along a seventh path 355 until the sample 40 comes to a full stop when the fixed 
position of impingement of the radiation beam pulse 1 64 on the sample 40 is at a location 

15 360 with respect to the sample 40. After the stationary irradiation beam pulse 164inthe 
frame of reference of the translating sample 40 has come to a stop at the fourth location 
360 (i.e., the translation of the sample 40 is stopped), the sample 40 is translated in the 
negative X-direction under the control of the computer 1 06 so that the masked irradiated 
beam pulse 164 traces an eighth path 365 until the masked irradiated beam pulse 164 

20 impinges a location 370 outside the boundaries of the sample 40. The sample 40 is then 
accelerated in the Y-direction so that the masked irradiated beam pulse 164 traverses 
another path which- is substantially parallel to the second irradiation path 315 (i.e., the 
sample 40 is again translated in the Y-direction). This procedure continues until the 
silicon thin film 52 provided in all conceptual columns of the sample 40 are irradiated, 

25 and the SLS is successfully effectuated therein. 

As described above, each such translation of the sample 40 and the 

irradiation thereof is performed for every conceptual column of the sample 40. Thus, if 

the sample 40 is conceptually subdivided into 1 5 columns, the sample 40 is continuously 

translated in the Y-direction or the negative Y-direction 15 times. The results of the 

30 smgle-step,contmuousmotionSLSac<»ramgtothepresentmventionisshownm 

7. This drawing illustrates the end product of the sample 40 whose every area of the 
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silicon thin film 52 extending along the entire periphery of the sample 40 is irradiated to 
promote the controlled SLS and grain growth thereon. 

It is preferable to use a high aspect homogenized irradiation beam, i.e., 
having a wide and thin intensity profile in the direction of the translation of the sample 
5 40. In particular, when such intensity is utilized, it takes less steps to irradiate all 
columns of the sample 40. There are also timing advantages to the utilization of the 
above-described embodiment of the method according to the present invention. 
Generally, the total process time T PROCESS to irradiate and process the silicon thin film 52 
provided on the entire sample 40 is calculated as follows: 

^ ^PROCESS = "^CRYSTALIZATION + "^WASTED (3) 



where: 



^BEruss 

CRYSTALIZATION = r " » (4) 

T LASER 



a total is the total area of the sample 40 (e.g., 40cm x 30cm = 1 200cm 2 ), A BEAM is a beam 
area (e.g„ 2cm x 1mm = 20mm 2 ), and n is a number of shots fired at a particular point 
1 5 (e.g., for a two shot process illustrated in Figures 5 A-5G and 6A-6B, n=2). In the present 
embodiment, the crystallization time for each column is approximately 1 second. 
Therefore, the total time of crystallization for the sample having 1 5 columns is 1 5 second. 
Next, the wasted time should be evaluated. For example, 

^WASTED ~ n STEP X TsTEP > (5) 

20 where n sl H> is the number of times the sample is stepped to the next column (e.g., for 1 5 
columns, the sample is stepped 14 times), and T S1EP is the time required for each such 
stepping (e.g., 0.3 seconds). Thus, T WASTCD is 14 x 0.3 seconds = 4.2 seconds for the 
sample 40. To compare this result with the time wasted for the method and system 
described in the '585 application, while the crystallization time of each column of the 

25 sample 40 is the same for the system and method of the present invention and that of the 
'585 application (due to a reduction of the sample velocity in the present invention by 
half as compared to the velocity of the sample described in the '585 application), the 
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wasted time of the system and method of the '585 application is higher than that of the 
system and method of the present invention. This is because the system and method of 
the present invention does not require the sample 40 to be microtranslated (as described 
in the '585 application) when the masked irradiated beam pulse 164 is impinging a 
5 location outside of the periphery of the sample 40. Therefore, according to the present 
invention, the microtranslatidn time is not at issue because the sample 40 is not 
microtranslated. Thus, if the sample of '585 application is subjected to one 
microtranslation per column thereof, the time wasted not crystalizing the silicon thin film 
on the sample is 14 columns x 0.3 seconds = 4.2 second for microtranslations and 4.2 

1 0 seconds for regular translations of the entire sample. Thus, the time savings to crystalize 
each sample using the system and method of the present invention is reduced by, e.g., 4.2 
seconds as compared to the system and method of the '585 application. 

Figure 8 shows an enlarged illustration of a second exemplary 
embodiment of an intensity pattern of the irradiated beam pulse as defined by a further 

1 5 mask 1 50 utilized by the system and method of the present invention as it impinges the 
silicon thin film on the substrate, which promotes a larger grain growth on the silicon thin 
film. This exemplary intensity pattern 600 includes slit-shaped beamlets 601, 603, 605, 
607, 609, 61 1, 613, 615, 617, 619, etc. provided in a stepped manner. The width of the 
slit-shaped beamlets 601, 603, 605, 607, 609, 611, 613, 615, 617, 619 along the X- 

20 direction can be the same as that of the first slit-shaped beamlets 255 of the intensity 
pattern 235 (e.g., 3,um), and the length of these slit-shaped beamlets can be, e.g., 0.2 /an. 
Other sizes and shapes of the slit-shaped beamlets 601, 603, 605, 607, 609, 61 1, 613, 
615, 61 7, 619, etc. are conceivable, and are within the scope of the present invention. 

In particular, the slit-shaped beamlet 601 is provided in a top-rightmost 

25 comer of the intensity pattern 600 The slit-shaped beamlet 603 is provided at an offset, 
in the -X direction, from the slit-shaped beamlet 60 1 . In particular, a top edge 63 0 of the 
slit-shaped beamlet 603 extends slightly above a line A on which the center 602 of the 
slit-shaped beamlet 601 extends. Similarly, the slit-shaped beamlet 605 is provided at 
an offeet (in the -X direction) from the slit-shaped beamlet 603 so that a top edge 631 

30 of the slit-shaped beamlet 605 extends slightly above a line B on which the center 604 
of the slit-shaped beamlet 603 extends. The same applies for the position of the slit- 
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shaped beamlet 607 with respect to the slit-shaped beamlet 605, and the slit-shaped 
beamlet 609 with respect to slit-shaped beamlet 607. The slit-shaped beamlets 611,613, 
615,617 and 619 are arranged in a substantially the same configuration as the slit-shaped 
beamlet 601 , 603, 605, 607, 609, except that while the starting location of the slit-shaped 
5 beamlet 6 1 1 is the same as of the slit-shaped beamlet 60 1 along the Y-direction, the slit- 
shaped beamlet 6 1 1 is offset along the X-direction by a particular length 635. According 
to an exemplary embodiment of the present invention, the top edge 634 of the slit-shaped 
beamlet 61 1 is provided slightly above a line C on which the bottom edge 633 of the slit- 
shaped beamlet 609 extends. The configuration of the intensity pattern 600 is provided 
0 such that the first row 640 of the intensity pattern 600 (consisting of the slit-shaped 
beamlets 601, 603, 605, 607, 609) is provided above the second row 641of the intensity 
pattern 600 (consisting of the slit-shaped beamlets 61 1, 613, 615, 617, 619) along the -X 
direction, followed by the third row 642, etc. The intensity pattern 600 can include a 
large number of rows of slit-shaped beamlets, e.g., 100, 1000, etc., depending on the 
5 width of the irradiation laser beam 149 impacting me mask 1 50, and the configuration 
of the slits and opaque regions of the mask 150. 

Figure 9 shows the grain structure of a portion of an exemplary first 
conceptual column 210 of the sample 40 having the silicon thin film 52 therein, as the 
intensity pattern 600 of the masked irradiated beam pulse 164 of Figure 8 impinges the 
respective portions of the silicon 1hin film 52, at an exemplary stage of SLS processing 
according to a second exemplary embodiment of the method of the present invention. 
Using the exemplary embodiment of the method shown in Figure 9, longer grains can be 
grown on the silicon thin film 52. This exemplary embodiment of the method according 
to the present invention can be implemented in a substantially the same manner as the 
embodiment described above with reference to Figures 4, 5A-5G and 6A-6B, while 
utilizing the intensity pattern 600 instead of the intensity pattern 235 to irradiate, and 
completely melt the silicon thin film 52 in the first conceptual column 2 1 0 of the sample 
40. 

In particular, Figure 9 illustrates this exemplary embodiment when the 
silicon thin film 52 in the first conceptual column 21 0 of the sample 40 is irradiated by 
the intensity pattern 600, while the sample 40 is continuously translated in the Y- 
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direction. The silicon thin film 52 in the areas 650, 652, 654, 656, 658, 660, 662, 664, 
666, 668, etc. of the first conceptual column 21 0 of the sample 40 are completely melted 
throughout its thickness. It should be understood that these particular areas are being 
irradiated because the slit-shaped beamlets 601, 603, 605, 607, 609, 61 1, 613, 615, 617, 
5 619, etc. of the intensity pattern 600 of the masked irradiated beam pulse 164 impinged 
such areas 650, 652, 654, 656, 658, 660, 662, 664, 666, 668, etc. to completely melt the 
silicon thin film 52 provided therein (i.e., throughout the thickness of the silicon thin film 
52). 

The silicon thin film 52 provided in most of the areas 650 was not 
1 0 subjected to the previous lateral solidification. With the respect to the area 652, the slit- 
shaped beam 603 impinging on the silicon thin film 52 provided in this area 652 melts 
more than half of the re-solidified section of corresponding to the location thereof (which 
was previously irradiated by the slit-shaped beamlet 601). In particular, the top edge of 
the area 652 is provided slightly above a line M on which a boundary 644 extend along 
the M-axis, the boundary 644 being formed by the previous irradiation and grain growth 
by the slit-shaped beamlet 601 . It should be understood that due to such position of the 
area 652, the center 653 thereof is provided above a line N along which a lower edge of 
the area 650 extends. Similarly, the center 655 of the area 654 is positioned slightly 
above an axis along with the lower edge of the area 652 extends, the center 657 of the 
area 656 is positioned slightly above a line along with the lower edge of the area 654 
extends, and the center 659 of the area 658 is positioned slightly above an axis along with 
the lower edge of the area 656 extends. Therefore, the areas 650, 652, 654, 656, 658 are 
provided in a configuration which substantially corresponds to that of the slit-shaped 
beamlets 601, 603, 605, 607, 609 of the first row 640 of the intensity pattern 600 of the 
masked irradiated beam pulse 1 64. 

The areas 660, 662, 664, 666, 668, in which the silicon thin film 52 is 
completely melted throughout its thickness, are arranged in a substantially the same 
configuration as that of the areas 650, 652, 654, 656, 658, except that the area 660 is 
provided at an offset, along the -X direction, from the area 650, with the distance of the 
offset being approximately equal to the distance 635 between the slit-shaped beamlet 601 
and the slit-shaped beamlet 611 as described above with reference to Figure 8. In 





WO 02/086954 



PCT/US01/12799 



31 



addition, the area 658 has a small portion 670 which overlaps the region of the silicon 
thin film 52 which was previously irradiated by the slit-shaped beamlet 611. It is 
preferable to utilize this small portion 670 such that the small grain regions provided at 
the edges of the re-solidified areas of the silicon thin sample 52 are minimized or even 
5 eliminated. 



the mask of Figure 8 as the sample 40 is continuously translated along the Y-direction. 
In this manner, a number of rows 710, 720, 730, etc. of the silicon thin film 52 in the first 
conceptual column 210 are produced. The number of these rows 710, 720, 730, etc. 

10 corresponds to the number of the rows 640, 641, 642, etc. of the intensity pattern 600 
illustrated in Figure 8. Similarly to the method of Figure 4, when the sample 40 is 
translated so that the masked irradiated beam pulse 1 64 reaches the lower edge 47 of the 
sample 40, and the masked irradiated beam pulse 1 64 no longer impinges the silicon thin 
film 52 provided on the sample 40, the sample is translated in the X-direction to reach 

15 a particular location to position the sample 40 for further translation so that the irradiation 
beam 164 may impinge the silicon thin film 52 in the second conceptual column 220 of 
the sample 40. Thereafter, the sample 40 is translated in the -Y direction and the silicon 
thin film 52 in the second conceptual column 220 of the sample 40 is irradiated in a 
substantially the same manner as provided above with reference to Figures 9 and 10. 

20 However, the slit-shaped beamlets 609, 619 (and not the slit-shaped beamlets 601, 61 1) 
first irradiate the silicon thin film 52 in the sepond conceptual column 220, starting from 
the lower edge 47, and completing the irradiation of the second column of the sample 40 
at the top edge 45. In this manner, the silicon thin film 52 in all conceptual columns of 
the sample 40 can be effectively subjected to the continuous motion SLS, with longer 

25 grains being grown thereon. 



the intensity profile 600 of the masked irradiated beam pulse 164 illustrated in Figure 8 
is provided as follows: 



Figure 1 0 shows the progression of the SLS of the first column 2 1 0 using 



The exemplary velocity V to translate the sample 40 and irradiate it using 



V = U*f 



B 'LASER 



(6) 
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where L B is the width of one of the slit-shaped beamlets 601, 603, 605, 607, 609, 61 1, 
613, 615, 617, 619, etc. of the intensity pattern 600 shown in Figure 8, and is the 
frequency of the irradiation beam 149 emitted by, e.g., the excimer laser 1 10. In the 
exemplary embodiment illustrated in Figure 8, Lb equals to 0.2mm, and f^^ can equal 
5 to 300 hertz. Thus 1he exemplary velocity V of the sample translation can equal to 
60mm/seconds for five (5) beamlets provided in each row 640, 641, 642, etc. of the 
intensity pattern 600. According to the exemplary embodiment of the present invention, 
if the number of slit-shaped beamlets of the intensity profile 600 per row increases to, 
e.g., ten (10) slits, then the length of each slit-shaped beamlet is preferably reduced by 

1 0 . half to, e.g., 0. 1mm. Therefore, with 1 0 slit-shaped beamlets per column of the intensity 
pattern 600 and using the above calculations, the velocity of the sample translation is 
' equal to 30mm/second. However, using a higher number of the slit-shaped beamlets in 
a single row of the intensity pattern 600, it is possible to obtain longer grains on the 
silicon thin film 52 of each conceptual column of the sample 40. 

15 Figure 1 1 shows an enlarged illustration of a third exemplary embodiment 

of an intensity pattern 800 of the irradiation beam pulse as defined by another mask 1 50 
utilized by the system and method of the present invention as it impinges the silicon thin 
film on the substrate. Similar to the intensity pattern 235 of Figure 3, the intensity, 
pattern 800 includes the first beamlet section 250 and the second beamlet section 260. 

20 . In addition, the intensity pattern 800 includesone reduced intensity section 810 bordering 
the second beamlet section 260. The reduced intensity portion 810 has only 70% of the 
intensity of the homogenized irradiation beam 149, and can be generated by a gray-scale 
portion of the mask 1 50 by irradiation the homogenized irradiation beam 1 49 through 
such gray-scale portion of the mask 150. This reduced intensity portion 810 does not 

25 melt an area of the silicon thin film 52 which it impacts throughout the entire thickness 
thereof; indeed, this reduced intensity portion 810 of the masked irradiated beam pulse 
1 64 only partially melts the area of the silicon thin film 52 that it irradiates. 

The intensity pattern 800 shown in Figure 1 1 can be used for irradiating 
the sample 40 via the exemplary embodiment of the method according to the present 

30 invention illustrated in Figures 5A-5G and 6A-6B. Due to the presence of the reduced 
intensity portion 810 in the intensity pattern 800, the width of the cross-section of the 
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masked irradiated beam pulse 164 can be approximately 1.5mm (as opposed to having 
the width of the masked irradiated beam pulse 164 being 1mm as provided for the. 
intensity pattern 235 of Figure 3) so as to utilize all areas of the intensity pattern.800, 
including the reduced intensity portion 810. However, while the width of the masked 
5 irradiated beam pulse 164 is increased, the sample 40 may be translated at the same 
predetermined velocity as the velocity used with the intensity pattern 235 with reference 
to Figures 4, 5A-5G and 6A-6B. 

The illustration of the continuous motion SLS process according to the 
present invention using the intensity pattern 800 is substantially the same as for the 

1 0 intensity pattern 235 for the first two irradiation beam pulses impacting the silicon thin 
film 152 as provided above with reference to Figures 5A-5D. However, for the third 
irradiation beam pulse shown in Figure 5E, the area labeled as 820 would be completely 
irradiated using the reduced intensity portion 8 1 0 of the intensity pattern 800. While the 
area 820 is irradiated by the reduced intensity portion 810 of the intensity pattern 820, 

15 it is only partially melted. Thereafter, the area 820 re-solidifies while maintaining the 
. . integrity of the grains grown therein. This partial melting is advantageous because upon • 
re-solidification of the area 820, the surface thereof is flattened, and thus peaks and 
valleys on this surface are minimized. This procedure continues for the first conceptual 
column 210 of the sample 40 until the sample 40 is continuously translated so that the ' 

20 masked irradiated beam pulse 1 64 just passes the bottom edge 47 of the sample 40. 

The procedure described above with reference to Figure 4 is continued in 
a substantially the same manner as described above which utilizes the intensity pattern 
235. However, according to this embodiment of the method according to the present 
invention which utilizes the intensity pattern 800 for irradiating the silicon thin film 52 

25 provided on the sample 40, after the masked irradiated beam pulse 1 64 stops impinging 
any area of the first column 210 of the sample 40, and before it starts impinging the 
second column 220 of the sample 40, the reduced intensity portion 810 of the intensity 
pattern 800 is placed such that when the masked irradiated beam pulse 164 starts 
irradiating the second conceptual column 220 of the sample 40. Thus, the reduced 

30 intensity portion 8 1 0 of the intensity pattern 800 of the masked irradiated beam pulse 1 64 
is provided at the back of the two beamlet sections 250, 260 of the intensity pattern 800. 



WO 02/086954 



PCT/US01/12799 



34 

This can be done by, e.g., rotating the mask 150 by 180°. In this manner, the reduced 
intensity portion 810 can partially irradiate the previously-irradiated and re-solidified 
areas of the second column 220 (i.e., already subjected to the SLS via the beamlets of the 
. first and second beamlet sections 250, 260 of the intensity pattern 800). Upon reaching 

5 the top edge 45 of the sample, the reduced intensity portion 8 10 of the intensity pattern 
800 can again be placed in the same configuration as was utilized when the first 
conceptual column 210 of the sample 40 was being irradiated by the masked irradiated 
beam pulse 164 (e.g., by rotating the gray-scale portion of the mask 150 by 180°). In 
this manner, the silicon thin film 52 of the entire sample 40 can be effectively subjected 

0 to the continuous motion SLS, while flattening the surface of the irradiated, re-solidified 
and crystalized silicon thin film 52 on the entire periphery thereof. 

Figure 12 shows an enlarged illustration of a fourth exemplary 
embodiment of an intensity pattern 830 of the irradiated beam pulse as conceptually 
defined by yet another mask utilized by the system and method of the present invention. 

5 as it impinges the silicon thin film on the substrate. Similar to the intensity pattern 800 
of Figure 3, the intensity pattern 830 includes the first beamlet section 250, the second 
beamlet section 260 and a first reduced intensity section 810 bordering the second 
beamlet section 260. In addition, the intensity pattern 830 includes second reduced 
intensity section 810 bordering the first beamlet section 250. As with the first reduced 

0 .intensity portion 810, the second reduced intensity portion 840 has only 70% of the 
. intensity of the homogenized irradiationbeam 1 49, and can be generated by another gray- 
scale portion of the mask 1 50 by irradiation the homogenized irradiation beam 1 49 there • 
through. 

It should be understood that the intensity pattern illustrated in Figure 12 
5 is shown as if both first and second reduced intensity portions 810, 840 are being used 
• for irradiating the silicon thin film 52 provided on the sample 40. However, as shall be 
described in further detail below, only one of these reduced intensity portions 810, 840 
of the intensity pattern 830 are to be used for such irradiation. 

The intensity pattern 830 shown in Figure 12 can be used for irradiating 
0 the silicon thin film 52 with the method according to the present invention in a similar 
manner as described above with reference to the use of the intensity pattern 800 of Figure 
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1 1 . Again, the width of the cross-section of the masked irradiated beam pulse 1 64 is also 
approximately 1 .5mm. In particular, when the sample 40 is continuously translated so 
that the masked irradiated beam pulse 164 irradiates the first conceptual column 210, 
only the first beamlet section 250, the second beamlet section 260 and the first reduced 
5 intensity portion 8 1 0 of the intensity pattern 830 of the masked irradiated beam pulse 1 64 
is irradiated and impinges the silicon thin film 52 on the sample 40, while the second 
reduced in tensity portion 840 is not utilized. Then, the procedure for the SLS of the first 
conceptual column 210 continues in substantially the same manner as the procedure 
described above for the first conceptual column 210 which uses the intensity pattern 800. 

10 Then, after the masked irradiated beam pulse 164 stops impinging any 

area of the first conceptual column 210, and before it starts impinging the second 
conceptual column 220 of the sample 40, the mask 1 50 is positioned or shifted in the Y- 
direction by the mask translation stage such that the second reduced intensity portion 840 
of the intensity pattern 830 is utilized when the masked irradiated beam pulse 164 starts 

1 5 irradiating the second conception column 220 of the sample, while not utilizing the first 
reduced intensity portion 8 1 0 for any irradiation of the silicon thin film 52 in the second 
conceptual column 220 of the sample. In this manner, the second reduced intensity 
portion 840 of the intensity pattern 830 of the masked irradiated beam pulse 164 is 
provided at the back end of the first and second sections 250, 260 of the intensity pattern 

20 830 of the masked irradiated beam pulse 164 to irradiate the silicon thin film 52 in the 
second conceptual column 220 of the sample 40. Upon reaching the top edge 45 of the 
sample 40, the mask 1 50 is positioned or shifted in the negative Y-direction by the mask 
translation stage so that the intensity pattern 830 is provided in the same configuration 
as was utilized when the first conceptual column 210 of the sample 40 was irradiated by 

25 the masked irradiated beam pulse 1 64. 

Figures 1 3 A- 1 3D show the radiation beam pulse intensity pattern and the 
grain structure of a portion of an exemplary first conceptual column of a silicon thin film 
52 on the sample 40 at various sequential stages of SLS processing according to another 
exemplary embodiment of the method of the present invention. In this exemplary 

30 embodiment, the silicon thin film 52 of the entire sample 40 has already undergone the 
continuous motion SLS, and then rotated 90° in a clock-wise direction by the sample 
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translation stage 180 (i.e., controlled by the computer 106). After such rotation, the 
sample 40 is again conceptually subdivided into, e.g., 15 columns, the sample 40 is 
translated in the same manner as described above with reference to Figures 4, 5A-5G and 
6A-6B. 

In particular, Figure 13 A shows melted areas 860 of a first conceptual 
column 850 which were irradiated by the beamlets 255 of the first beamlet section 250 

. of the intensity pattern 235 illustrated in Figure 3, as the sample 40 is continuously 
translated the Y-direction. As discussed above for the areas 210 in reference to Figure 
5 A, the areas 860 are melted throughout their entire thickness. Contrary to the areas 210, 
the areas 860 of the first column 850 were previously subjected to the SLS prior to their 
melting. Then, as shown in Figure 1 3B, the areas 860 cool, re-solidify and re-cry stalize. 
The grain seeding and growth takes place starting from the borders of the areas 860. In 
this embodiment, because the silicon thin film 52 of the sample 40 had already underwent 
the SLS, the grains provided at the edges of the areas 860 (which were grown in the 
controlled manner) seed the areas 860, and start growing into the re-soUdifying areas 860 
to form areas 865 which have larger areas of single grain growth. The procedure 
continues as shown in Figure 1 3C such the sample 40 is translated in the Y-direction and 
irradiated in a substantially similar manner as described above with reference to Figure 
5C. Similarly to the areas 435, 445, certain areas 870, 875 of the sfflcon thin film 52 in 
the first conceptual column 850 are melted. As with the areas 435, 445, particular 
portions of the areas 870, 875 overlap certain portions of the previously irradiated and 

. re-solidified areas 865 of Figure 13B. As shown in Figure 1 3D, upon cooling and re- 
solidification of the areas 870, the lateral grain growth is seeded and promoted from their 
borders using the grains grown using the process described above with reference to 
Figures 5A-5G to form the resultant areas 885. With respect to the cooling, re- 
solidification and re-crystallization of the areas 875, the grain growth in the resultant 
areas 880 is promoted using the grains of the re-solidified areas 865 provided at the 
borders of the areas 875. According to the procedure described above with reference to 
Figures 1 3 A- 1 3D as it relates to the technique described above with reference to Figures 
5 A-5G and 6A-6B, its is possible to effectuate the SLS which provides larger regions 900 
of single grains on the silicon thin film 52 of the sample 40, as illustrated in Figure 14. 
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Referring next to Figure 1 5, there is shown a flow diagram of exemplary 
steps carried out with the aid of the computer 106 (or other control devices) for the 
single-step, continuous motion SLS processing in accordance with the present invention 
to control the shape and size of grains, and the location and orientation of grain 
5 boundaries in the silicon thin film 52 of the sample 40. As shown in the flow diagram 
of Figure 15, in step 1000 the hardware components of the system of Figure 1, such as 
the excimer laser 1 10, the beam energy density modulator 120, the beam attenuator 130 
and the shutter 1 52 are first initialized at least in part by the computer 1 06, A sample 40 
is loaded onto the sample translation stage 1 80 in step 1 005 . It should be noted that such 

1 0 loading may be performed either manually or automatically using known sample loading 
. apparatus under the control of the computer 106. Next, the sample translation stage 1 80 
is moved, preferably under the control of the computer 106, to an initial position in step 
1010. The various other optical components of the system are adjusted manually or 
under the control of the computer 1 06 for a proper focus and alignment in step 1 01 5, if 

15 necessary. The radiation beam pulses 164 are then stabilized in step 1020 to a desired 
intensity, pulse duration and pulse repetition rate. In step 1 021 , it is determined whether 
a next radiation beam pulse irradiates the silicon thin film 52 after each melted region 
thereof has completely re-solidified following the irradiation by a previous radiation 
. . beam pulse. If not, in step 1022, the pulse repetition rate of the excimer laser 1 10 is 

20 adjusted. In step 1024 it is determined whether each beamlet of the intensity pattern of 
each radiation beam pulse has sufficient intensity to melt each one of the silicon thin film 
52 overlapped thereby throughout its entire thicknesses without melting an adjacent 
region overlapped by a shadow region of the intensity pattern. If under-melting or over 
melting occurs, in step 1025, the attenuator 130 is adjusted so that each radiation beam 

25 pulse has sufficient energy to fully melt the metal layer in irradiated areas without over 
melting adjoining unirradiated regions. 

In step 1 027, the sample 40 is positioned to point the masked irradiated 
beam pulse 164 at the first conceptual column 210 of the sample 40. In step 1030, the 
current column of the sample 40 is irradiated using the radiation beam pulse 1 64 having 

30 an intensity pattern controlled by the mask 150, 700, 800, 830. In step 1035, the sample 
60 is continuously translated so that the masked irradiated beam pulse 164 irradiates the 
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silicon thin film 52 along the current column of the sample 40 in a predetermined 
direction. 

In step 1045, it is determined whether all conceptual columns of the 
sample 40 having the silicon thin film 52 provided thereon have been subjected to the 
5 SLS processing. If not, the sample 40 is translated to the next unirradiated conceptual 
column of the sample 40, and the process loops back to step 1 030 for a further translation 
along apredetermined direction (e.g., an opposite direction), and for the irradiation of the 
next conceptual column of the sample 40 by the radiation beam pulse 164. If the SLS 
processing has been completed for all columns of the sample 40, the hardware 
10 components and the beam of the system shown in Figure 1 can be shut off (step 1055), 
and the process terminates. 

The foregoing exemplary embodiments merely illustrate the principles of 
the present invention. Various modifications and alterations to the described 
embodiments will be apparent to those skilled in the art in view of the teachings herein 
1 5 without departing from the scope of the invention, as defined by the appended claims. 
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CLAIMS 

1. A method for processing a silicon thin film sample on a substrate having a 
surface portion that does not seed crystal growth in the silicon thin film, the film 
sample having a first edge and a second edge, the method comprising the steps 
5 of: 

(a) controlling an irradiation beam generator to emit successive irradiation 
beam pulses at a predetermined repetition rate; 

(b) masking each of the irradiation beam pulses to define a first plurality of 
beamlets and a second plurality of beamlets, the first and second plurality 

1 0 of beamlets of each of the irradiation pulses being provided for impinging 

the film sample and having an intensity which is sufficient to melt 
irradiated portions of the film sample throughout their entire thickness; 

(c) continuously scanning, at a constant predetermined speed, the film sample 
so that a successive impingement of the first and second beamlets of the 

1 5 irradiation beam pulses occurs in a scanning direction on the film sample 

between the first edge and the second edge; 

(d) during step (c), successively irradiating a plurality of first areas of the 
film sample by the first beamlets of the irradiation beam pulses so that the 
first areas are melted throughout their thickness and leaving unirradiated 

20 regions between respective adjacent ones of the first areas; 

(e) during step (c), allowing each one of the first areas irradiated by the first 
beamlets of each of the irradiation beam pulses to re-solidify and 
crystalize; and 

(f) during step (e), successively irradiating a plurality of second areas of the 
25 film sample by the second beamlets of the irradiation beam pulses so that 

the second areas are melted throughout their thickness, wherein each one 
of the second areas partially overlaps a respective pair of the re-solidified 
and crystalized first areas and the respective unirradiated region 
therebetween- 
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2. The method of claim 1 , further comprising the step of: 

(g) during step (f), successively irradiating third areas of the film sample by 
the first beamlets to completely melt the third areas throughout their 
thickness, each of the third areas partially overlapping a respective one of 
the re-solidifiedand crystalized first areas and leaving further unirradiated 
regions between respective adjacent ones of the third areas. 

3. The method of claim 2, 

wherein one of the first areas and one of the third areas lie on a first line which 
is parallel to the scanning direction, 

wherein one of the second areas lies of a second line which is parallel to the 
scanning direction, and 

wherein the first line extends at an offset from the second line. 
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4. The method of claim 2, further comprising the step of: 

(h) during step (g), allowing each one of the second areas irradiated by the 
15 first beamlets of each of the irradiation beam pulses to re-solidify and 

crystalize. 

5. The method of claim 4, further comprising the steps of: 

(i) during step (c), allowing each one of the third areas irradiated by the first 
beamlets of each of the irradiation beam pulses to re-solidify and 

20 crystalize; and 

(j) during steps (h) and (i), successively irradiating a plurality of fourth areas 
of the film sample by the second beamlets of the irradiation beam pulses 
so that the fourth areas are melted throughout their thickness, wherein 
each one of the fourth areas partially overlaps a respective pair of the re- 

25 solidified and crystalized third areas and the respective further 

unirradiated region therebetween. 
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6. The method of claim 1, wherein the first edge is located on a side of the film 
sample which is opposite from a side of the film sample on which the second 
edge is located. 



successive impingement by the first and second beamlets of the irradiation beam 
pulses the film sample passes the second edge of the film sample, and further 
comprising the steps of: 

(k) after steps (c) through (f), positioning the film sample so that the first and 
second beamlets of the irradiation beam pulses impinge on at a first 
location outside of boundaries of the film sample with respect to the film 
sample; and 

(1) after step (k), positioning the film sample so that the successive 
impingement of the first and second beamlets with respect to the film 
sample moves from the first location to a second location, the second 
location being outside of the boundaries of the film sample. 

8. The method of claim 7, wherein, after steps (c) through (f) and before step (k), a 
completed portion of the film sample having a predetermined width has been 
irradiated, melted throughout its entire thickness and re-solidified, the film 
sample having a controlled crystalline grain growth in the entire cross-section of 
the completed portion. 

9. The method of claim 8, 

wherein the particular direction extends along a first axis, 

wherein, in step (1), the film sample is translated along a second axis, the first axis 

being perpendicular to the first axis, and 

wherein the second location is provided at the distance from the first location 
approximately equal to the predetermined width. 



7. 



The method of claim 6, wherein steps (c) through (f) are continued until the 
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1 0. The method of claim 9, further comprising the steps of: 

(m) after step (1), continuously scanning, at the constant predetermined speed, 
the film sample so that the successive impingement of the first and second 
beamlets of the irradiation beam pulses occurs in a further direction on the 
5 film sample between the second edge and the first edge, the further 

direction being opposite to the scanning direction; and 

(n) during step (m), successively irradiating a plurality of fifth areas of the 
film sample with the second beamlets of the irradiation beam pulses so 
that the fifth areas are melted throughout their thickness and leaving 
10 additional unirradiated regions between respective adjacent ones of the 

fifth areas; 

(o) during step (m), allowing each one of the fifth areas irradiated by the 
second beamlets of each of the irradiation beam pulses to re-solidify and 
crystalize; and 

15 (p) during step (o), successively irradiating a plurality of sixth areas of the 

film sample by the first beamlets of the irradiation beam pulses so that the 
sixth areas are melted throughout their thickness, wherein each one of the 
sixth areas partially overlaps a respective pair of the re-solidified and 
crystalized fifth areas and the respective additional unirradiated region 

20 therebetween. 

11. The method of claim 1, wherein steps (a) through (f) are performed without 
executing any microtranslation of the impingement of the first and second 
beamlets of the irradiation beam pulses with respect to the film sample. 

12. The method of claim 1, further comprising the steps of: 

25 (q) during step (g), allowing each one of the second areas irradiated by the 

first beamlets of each of the irradiation beam pulses to re-solidify and 
crystalize; 

(r) masking portions of the irradiation beam pulses to emit successive partial 
intensity irradiation pulse which have a reduced intensity so that when the 
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successive partial intensity irradiation pulses irradiate a particular region 
of the film sample, the particular region is melted for less than the entire 
thickness of the film sample; 
(s) after steps (q) and (r), successively irradiating each of the re-solidified 
and crystalized second areas by the respective one of the successive 
partial intensity irradiation pulses. 

A system for processing a silicon thin film sample on a substrate having a surface 
portion that does not seed crystal growth in the silicon thin film, the film sample 
having a first edge and a second edge, the system comprising: 
a memory storing a computer program; and 

aprocessing arrangement executing the computer program to perform the 
following steps: 

(a) controlling an irradiation beam generator to emit successive 
irradiation beam pulses at a predetermined repetition rate, 

(b) masking each of the irradiation beam pulses to define a first 



and second plurality of beamlets of each of the irradiation pulses 
being provided for impinging the film sample and having an 
intensity which is sufficient to melt irradiated portions of the film 
sample throughout their entire thickness, 

(c) continuously scanning, at a constant predetermined speed, the 
film sample so that a successive impingement of the first and 
second beamlets of the irradiation beam pulses occurs in a 
scanning direction on the film sample between the first edge and 
the second edge, 

(d) during step (c), successively irradiating a plurality of first areas of 
the film sample using the first beamlets of the irradiation beam 
pulses so that the first areas are melted throughout their thickness 
andleavingunirradiated regions between respective adjacent ones 
of the first areas, 



plurality of beamlets and a second plurality of beamlets, the first 
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10 14. 
15 

15. 



(e) during step (c), allowing each one of the first areas irradiated 
using the first beamlets of each of the irradiation beam pulses to 
re-solidify and crystalize, and 

(f) during step (e), successively irradiating a plurality of second areas 
of the film sample using the second beamlets of the irradiation 
beam pulses so that the second areas are melted throughout their 
thickness, wherein each one of the second areas partially overlaps 
a respective pair of the re-solidified and crystalized first areas and 
the respective unirradiated region therebetween. 

The system of claim 13, wherein, during step (f), the processing arrangement 
successively irradiates third areas of the film sample using the first beamlets to 
completely melt the third areas throughout their thickness, each of the third areas 
partially overlapping a respective one of the re-solidified and crystalized first 
areas and leaving further unirradiated regions between respective adjacent ones 
of the third areas. 

The system of claim 14, 

wherein one of the first areas and one of the third areas lie on a first line which 
is parallel to the scanning direction, 

wherein one of the second areas lies of a second line which is parallel to the 
scanning direction, and 

wherein the first line extends at an offset from the second line. 



16. 



The system of claim 14, wherein, after the third areas are being irradiated by the 
first beamlets, each one of the second areas irradiated using the first beamlets of 
each of the irradiation beam pulses is allowed to re-solidify and crystalize. 
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1 7. The system of claim 1 6, 

wherein, during step (c), each one of the third areas irradiated using the first 
beamlets of each of the irradiation beam pulses is allowed to re-solidify and 
crystalize, and 

5 wherein, after the second and third areas re-solidify and crystalize, the processing 

arrangement successively irradiates a plurality of fourth areas of the film sample 
using the second beamlets of the irradiation beam pulses so that the fourth areas 
are melted throughout their thickness, wherein each one of the fourth areas 
partially overlaps a respective pair of the re-solidified and crystalized third areas 
10 and the respective further unirradiated region therebetween. 

1 8. The system of claim 13, wherein the first edge is located on a side of the film 
sample which is opposite from a side of the film sample on which the second 
edge is located. 

1 9. The system of claim 1 8, 

15 wherein the processing arrangement performs steps (c) through (f) until the 

successive impingement by the first and second beamlets of the irradiation beam 
pulses the film sample passes the second edge of the film sample, 
wherein, after steps (c) through (f), the processing arrangement positions the film 
sample so that the first and second beamlets of the irradiation beam pulses 

20 impinge on at a first location outside of boundaries of the film sample with 

respect to the film sample, and 

wherein, after the irradiation beam pulse impinge on the first location, the 
processing arrangement positions the film sample so that the successive 
impingement of the first and second beamlets with respect to the film sample 
25 moves from the first location to a second location, the second location being 

outside of the boundaries of the film sample. 



20. 



The system of claim 19, wherein, after steps (c) through (f) and after the 
successive impingement of the irradiation beam pulses passes the second edge of 
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the film sample, a completed portion of the film sample having a predetermined 
width has been irradiated,melted throughout its entire thickness and re-solidified, 
the film sample having a controlled crystalline grain growth in the entire cross- 
section of the completed portion. 

5 21. The system of claim 20, 

wherein the particular direction extends along a first axis, 
wherein the processing arrangement translates the successive impingement from 
the first location to the second location with respect to the film sample along a 
second axis, the first axis being perpendicular to the first axis, and 
10 wherein the second location is provided at the distance from the first location 

approximately equal to the predetermined width. 
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22. The system of claim 21, wherein the processing arrangement performs the 
following further steps: 

(g) after the successive impingement is translated from the first location to 
1 5 the second location, continuously scanning, at the constant predetermined 

speed, the film sample so that the successive impingement of the first and 
second beamlets of the irradiation beam pulses occurs in a further 
direction on the film sample between the second edge and the first edge, 
the further direction being opposite to the scanning direction, and 
20 (h) during step (g), successively irradiating a plurality of fifth areas of the 

film sample with the second beamlets of the irradiation beam pulses so 
that the fifth areas are melted throughout their thickness and leaving 
additional unirradiated regions between respective adjacent ones of the 
fifth areas; 

25 (i) during step (g), allowing each one of the fifth areas irradiated by the 

second beamlets of each of the irradiation beam pulses to re-solidify and 
crystalize; and 

(j) during step (i), successively irradiating a plurality of sixth areas of the 
film sample by the first beamlets of the irradiation beam pulses so that the 
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sixth areas are melted throughout their thickness, wherein each one of the 
sixth areas partially overlaps a respective pair of the re-solidified and 
crystalized fifth areas and the respective additional unirradiated region 
therebetween. 

5 23. The system of claim 13, wherein the processing arrangement performs steps (a) 
through (f) without executing any microtranslation of the impingement of the first 
and second beamlets of the irradiation beam pulses with respect to the film 
sample. 

24. The system of claim 13, wherein the processing arrangement performs the 
10 following further steps: 

(k) after the first beamlets successively irradiate the third areas, 
allowing each one of the second areas irradiated by the first 
beamlets of each of the irradiation beam pulses to re-solidify and 
crystalize, 

1 5 (1) maskingportions of the irradiation beam pulses to emit successive 

partial intensity irradiation pulse which have a reduced intensity 
so that when the successive partial intensity irradiation pulses 
irradiate a particular region of the film sample, the particular 
region is melted for less than the entire thickness of the film 

20 sample, 

(m) after steps (k) and (1), successively irradiating each of the re- 
solidified and crystalized second areas by the respective one of the 
successive partial intensity irradiation pulses. 

25. A method for processing a silicon thin film sample on a substrate having a 
25 surface portion that does not seed crystal growth in the silicon thin film, the film 

sample having a first edge and a second edge, the method comprising the steps 
of: 
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controlling an irradiation beam generator to emit successive irradiation 

beam pulses at a predetermined repetition rate; 

masking each of the irradiation beam pulses to define a first plurality of 

beainletsandase*^ 

of beamlets of each of the irradiation pulses being provided for impinging 
the film sample and having an intensity which is sufficient to melt 
irradiated portions of the film sample throughout their entire thickness; 
contmuomlyscanning,at acomtantpredetermined speed, thefilm sample 
so that a successi ve impingement of the first and second beamlets of the 
irradiation beampulses occurs in a scanning direction on the film sample 
between the first edge and the second edge; 

during step (c), successively irradiating a plurality of first areas of the 
film sample by the first beamlets of the irradiation beam pulses so that the 
first areas are melted throughout their thickness and leavmg unirradiated 
regions adjacent to the first areas, each of the first areas having a border 
with a first width, the border extending along a first line which is 
perpendicular to the scanning direction; 

during step (c), allowing each one of the first areas irradiated by the first 
beamlets of each of the irradiation beam pulses to re-solidify and 
crystalize; and 

during step (e), successively irradiating a plurality of second areas of the 
film sample by the second beamlets of the irradiation beampulses so that 
the second areas are melted throughout their thickness, wherein a first 
region of each one of the second areas completely overlaps at least one of 
the re-solidified and crystalized first areas, and a second region of the 
respective one of the second areas overlaps the unirradiated region 
provided adjacent to the at least one of the re-solidified and crystalized 
first areas, the first region having a second border extending along a 
second line which is parallel to and offset from the first line, the second 
width being greater than half of the first width. 
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26. A system for processing a silicon thin film sample on a substrate having a surface 
portion that does not seed crystal growth in the silicon thin film, the film sample 
having a first edge and a second edge, the system comprising: 
a memory storing a computer program; and 
5 aprocessing arrangement executing the computer program to perform the 

following steps: 

(a) controlling an irradiation beam generator to emit successive 
irradiation beam pulses at a predetermined repetition rate, 

(b) masking each of the irradiation beam pulses to define a first 
10 plurality of beamlets and a second plurality of beamlets, the first 

and second plurality of beamlets of each of the irradiation pulses 
being provided for impinging the film sample and having an 
intensity which is sufficient to melt irradiated portions of the film 
sample throughout their entire thickness, 
15 (c) continuously scanning, at a constant predetermined speed, the 

film sample so that a successive impingement of the first and 
second beamlets of the irradiation beam pulses occurs in a 
scanning direction on the film sample between the first edge and 
the second edge, 

20 (d) during step (c), successively irradiating a plurality of first areas of 

the film sample by the first beamlets of the irradiation beam 
pulses so that the first areas are melted throughout their thickness 
and leaving unirradiated regions adjacent to the first areas, each 
of the first areas having a border with a first width, the border 

25 extending along a first line which is perpendicular to the scanning 

direction; 

(e) during step (c), allowing each one of the first areas irradiated by 
the first beamlets of each of the irradiation beam pulses to re- 
solidify and crystalize; and 
30 (f) during step (e), successively irradiating a plurality of second areas 

of the film sample by the second beamlets of the irradiation beam 
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pulses so that the second areas are melted throughout their 
thickness, wherein a first region of each one of the second areas 
completely overlaps at least one of the re-solidified and 
crystalized first areas, and a second region of the respective one 
of the second areas overlaps the respective unirradiated region 
provided adjacent to the at least one of the re-solidified and 
crystalized first areas, the first region having a second border 
extending along a second line which is parallel to and offset from 
the first line, the second width being greater than half of the first 
width. 
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